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PREFACE 


THE object of a school course of Chemistry is not primanl} to 
impart a number of chemical facts , but, rather, to develop 
scientific methods of work, to promote thought, and to encourage 
reasoning In the scientific work which legitimately finds a 
place in the curriculum of a secondary school, e\ ery e\penment 
is a link in a continuous chain of inquiry From a simple 
fact, as for instance the rusting of iron, it is possible to pioceed 
step by step to the experimental examination of more complex 
changes and so to determine important principles of chemical 
science From beginning to end the practical work must hate 
a definite purpose in \ lew 

Such appears to be the spirit m which the suggestive sjllabus 
of the Department of Technical Instruction for Ireland, adopted 
by the Insh Intermediate Education Board, has been drawn up, 
and constant reference has been made to it during the prepara- 
tion of this book 

In the past, the practical work which young students of 
chemistr} have been set to perform has had little, if any, 
connection w'lth his lessons in the lecture room Fortunately, 
it is now' beginning to be recognised that only the knowledge of 
chemical theory which is the immediate outcome of his own 
expenments is of real value to the beginner For this reason, 
what have so long been knowm as “practical” and “theoretical” 
chemistr}' have not been separated, and an attempt has been 
made to tram the pupil to understand that chemistr}' is a science 
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m which no statement without an experimental basis is per- 
missible 

Though the particular needs of Irish schools have in a 
measure decided the contents of the booh, teachers Mill 
find that the course described is suitable for any secondary 
school as an introduction to the study of chemistry Public 
examining bodies are year by year showing sympathy with the 
“ research ” method of teaching advocated by so many men of 
science who desire to increase the educational value of the 
teaching of science in schools 

My hearty thanks are due to Prof R A Gregory and 
Mr A T Simmons for permission, of which I hat e fully availed 
myself, to make free use of any' of their published books and 
diagrams, and for invaluable suggestions and assistance during 
the preparation of the MS and the passage of the book 
through the press 

L M JONES 


At gust 1902 
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CHAPTER I 


MATTER AND PROPERTIES OF MATTER 

Before beginning the study of Chemistry the student must 
become familiar with the properties of Matter, i e the 
properties which matter may possess The word matter is 
so frequently used that it is necessary to form a definite 
idea of what it means We may say that (anything which 
possesses weight is a foim of matted Thus, water is matter , 
so is wood , but water is not the same kind of matter as 
wood Air also possesses weight and is matter It may 
be said that all the various things, or substances, which you 
can handle are material things 

Heat is not matter, for it has no weight , a hot body does 
not weigh any more than the same body when cold 

It is clear, then, that there are very many different kinds 
of matter, and, before studying further, we must try to 
classify some of the properties which they may possess, for 
probably many kinds of matter will resemble each other 
in some particulars, that is will have some property in 
common 


1 HARDNESS OF MATTER 

i Measurement of hardness — Procure pieces of flint, rock- 
crystal, a tumbler, chalk, lead, pocket-knife, iron, copper, brass, 
wood, soap, wax, a turnip, cairot, potato, 01 apple 

(a) Notice that these things differ from one another, and con- 
sider m what ways they are different They differ in hardness, 
shape, size, and coloui 

(b) Select one of the things, and notice that it will scratch 
some substances but not others Test the things which the 

JC A £ 
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knife will scratch, or cut, and the things it will not cut Test in 
the same way the things the finger nail will scratcn and those 
it will not scratch 

(c) Arrange the substances in pairs as below, so that one is 
scratched by the otliei In tilts way i continuous table m 
which the substances are arranged according to their hardness 
can be drawn up, thus 

/Flint sciatches glass /Copper scratches lead 

! Glass „ iron 'Lead „ chalk 

flron „ copper (Chalk „ wa\ 

Things differ in hardness — If you were asked to say how 
the things provided differ from one another, you would 
probably say that the) differ in sire, shape, colour, hardness, 
and in other wajs Now consider exactly what you mean 
by the property of hardness A stone is bard, so is a piece 
of wood, and so is a piece of iron, but they are not of the 
same hardness Some things, then, are harder than others 
It is often easy to decide which is the harder of two 
things For instance, you know that a knife is harder 
than a piece of w ood , for y ou can often dig y our thumb- 
or finger-nail into the wood, but you cannot dig your 
nail into a steel knife Also, you can cut wood with a 
knife, but you cannot cut it with a piece of India rubber, 
because the India rubber is softer than the wood All 
things which a knife will cut, or scratch, are softer than the 
knife, and all things which it will not cut, or scratch, are 
harder than it 

In the same way, things like potatoes, some woods, chalk, 
bread, blotting paper, and soap can be scratched by the 
finger-nail, and are therefore softer than the finger nail 
Things like iron, glass, and flint cannot be scratched, or cut, 
by the finger-nail, and are therefore harder than it 

The test of hardness — You will now understand the 
way to find out which is the harder of two things What 
has to be done is to test which wall scratch, or cut, the other 
If you were asked whether glass or flint was the harder, you 
should try if the flint wall scratch the glass It does Will 
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the glass scratch the flint? It will not The ■ ■ ( 

sequently the harder 

In the same way, if you were given a large . 
different things and told to arrange them in t . < .> 

their hardness, you would take any one of the aUusutntca 
and find which of the others it would scratch and which it 
would not scratch Then another would be taken, and the 
same tests made, and so a list like the one below would be 
made This is the method always adopted to find out if 
one thing is harder than another 

a Diamond <5 Iron 

b Rock-crystal p Copper 

(3 Glass ,7 Lead 

4 Steel -8 Wax 

The hardest substance is first m the list, the next hardest is 
second, and the softest is last Any of the substances will 
scratch a substance lov'er in the list, and can be scratched 
by substances higher m the list (Diamond is seen to be 
the hardest substance, it will scratch every other thing) 
(Emery is also very hard, and is therefore used for polishing 
many things) 

2 SOLIDS, LIQUIDS, AND GASES 

1 Three forma of matter — In addition to some of the solids used 
in the last exercise, take a tea-cup, tumbler, salad-cream bottle, 
round medicine phial, 
piece of india-rubber 
tubing, and a large basin, 
or pan, of water Also 
obtain water, milk, quick- 
silver, and any other 
liquids available 

(«) Notice thatthesohd 

things upon the table are „ . , , , . , 

01 different shapes, and containing vessel 

that the shapes do not alter 

(£) Show by pouring the same amount of water or other liquid 
into different vessels that the shape of the water depends upon 
the shape of the vessel (Fig 1) 
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(< c ) Collect a bottle of ordinary gas, and use it to show that a 
gas has no surface and spreads itself through as much space 
as it can The following is a way to do this 

Fill a bottle with water, and in\ert it in a basin of water, 
then displace the liquid with gas led from a jet by a piece of 
india-rubber tubing (Fig 2) Now insert a cork into the neck 
of the bottle while it is still under water, or cover the mouth with 
a glass plate, and lift the bottle out of the water and place it on 
the table The gas has the size and shape of the bottle 

Open the bottle and wave it about , you immediately notice 
the smell of gas throughout the room, and know from this that 
the gas is everywhere m the room, and therefore has the size 
and shape of the room 



Solids — Most of the things you see around you have a 
certain size and shape of their own The table in front of 
you and the desk you sit on have the same shape now r as w hen 
they were first brought into the school, if no one has done 
anything to them In the same way, a stone, a brick, a 
piece of india-rubber, or a tumbler keep their own shape un- 
less someone breaks them ‘Thmgs'of this kind, (.which have 
a size and shape of their own, and remain of the same size 
and shape so long as they are not interfered with, are called 
solids Some solids are harder than others and some can 
have their shape altered more easily than others But none 
of them change by themselves If you place a tumbler upon 
a table, and leave it for a while, you expect to find it there 
when you come back, and not changed into a bottle, because 
you know' the shapes of solids do not alter unless someone 
alters them 


■N 
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Liquids — If you put a stone into a tea-cup, then ir • 
tumbler, and then into a basin, you know that the size , . > 
shape of the stone remain the same in all the vessels This 
is also true of any solid But if a certain amount of water, 
say a wine-glassful, is taken and poured into a tumbler, you 
know that the water will not keep the same shape that it had 
at first The water could be poured successively into vessels 
of different sizes and shapes, and finally into the w ine-glass 
again , but though t he s hape would keep on alter tug ; being in 
every case the shape of the containing vessel the size would 
remain unaltered Things which behave in this way are 
called liquids Such as, for instance, vinegar, oil, milk, beer, 
and lemonade 

There are other properties of liquids with which you are 
familiar In the first place, the surface of a liquid at rest is 
always horizontal You may shake the liquid up into a heap 
b> jerking the vessel containing it, but as soon as you lea\e 
it alone it settles dow'n again until its surface is horizontal 
The fact that the liquids can be poured from one vessel to 
another shows another property, namely, that liquids flow 
A liquid can also be broken up into small round drops, such 
as the drops of water w Inch form rain 

Gases — When a gas is spoken of, you think of the gas 
used to illuminate rooms and streets There are, however, 
many other gases, and you will learn about them later 
Some gases possess a distinct odour and some do not , 
some are poisonous and some are harmless some, like 
coal-gas, will burn, and some will not But all_gaseg_are 
alike in this res pect , th ey spread out an d fill completely 
the vessel vvhic h holds t hem A bottle of gas cannot be 
kepfTunless it is tightly corked, for after a while the gas 
escapes into the surrounding air 

Oompanson of the size and shape of solids, liquids, and 
^gases — Solids, liquids, and gases are not alike as regards 
size and shape Solids have a size and shape of their own, 
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which may differ for each solid, but remain the same For 
one particular solid 

Liquids have a size of their own, but always take the 
shape of the vessel in which they are contained 

Gases have no definite size or shape , both these proper- 
ties depend upon the space m which the gases are confined 
However small a quantity of gas may be, it always spreads 
out until something prevents it from taking up more space 

3 THE SAME KIND OF MATTER CAN EXIST IN 
DIFFERENT STATES 

i Ice, water, and steam are different forms of the Bame hind of 
matter — (rt) Piocure a lump of ice and notice that it is a solid, 
oi has a paiticular shape of its own, which, as long as the daj is 
sufficiently cold, remains fixed 

(&) With a sharp bradawl, or the point of a knife, break the 
lump of ice into pieces, and put a convenient quantity of them 
into a beaker Place the beaker in a warm room, or apply heat 
from a laboratoiy burner, oi spmt lamp The ice dis^ppeais, 
and its place is taken by what we call water Notice the 
characters of the water are those of a liquid It has no definite 
shape, for by tilting the beaker the water can be made to flow' 
about 

(c) Replace the beaker o\ er the burner and go on waimmg it 
Soon the water boils, and is converted into vapour, which 
spieads itself throughout the air in the room, and seems to dis- 
appear The v apour can be made visible by blowing cold air at 
it, when it becomes white and visible, but is really no longer 
vapour, for it has condensed into small drops of water 

n Some metals assume tlie liquid condition when heated. — Heat 
a piece of lead, or zinc, in an non spoon Observe the solid 
metal eventually changes into a liquid, and that more heating is 
required to effect the change than in the case of ice 
/ in Gradual change of state — Waim a lump of sealing wax, oi 
^bicycle -cement, in an iron spoon, and notice the gradual con 
version into a liquid 

Changes of state m the same kind of matter — To the 
fact that there are three kinds of material things, we must add 
another idea, viz , that the v amejnatte > can exist m all tfnee 
farms The change in the state of matter, whether from the 
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solid to the liquid condition, or from the liquid form to the 
gaseous state, is most easih brought about by heat Reverse 
changes, \i?, from gas to liquid and from liquid to solid, 
can be effected b\ cooling 

The degree of heating required to bring about the above 
changes vanes very greatly with different substances Iron 
must be heated xerj much more than ice before it can become 
a liquid Alcohol, again, has to be cooled to a much greater 
extent than water before the liquid condition gnes place to 
that of a solid 

When a subst mcc has, as a result of heating, successively 
passed through the solid, liquid, and gaseous states, then, if 
the conditions are reversed and the gas is continuously 
cooled, the liquid form is first reassumed, and subsequent 
cooling causes the liquid to change again into the original 
solid 

Sudden and gradual changes — The circumstances attend- 
ing the change from the solid to the liquid, or from the 
liquid to the gaseous state, arc not always the same as in the 
case of water When a crystal of i odin e is heated, it appears 
to pass suddenl) from the condition of a solid to that of gas 
Camphor is another instance of this sudden transition from 
solid to \apour When, on the other hand, sealing wax is 
heated, it vc*ry gradually passes into the liquid condition, 
and maj be obtained in a hind of transition stage — neither 
true solid nor true liquid 

4 NO LOSS OF MATTER DURING CHANGE 
OF STATE 

1 Weight in solid and liquid states — ( a ) Place a piece of 
ice m a flask and weigh the two Notice the weight, then 
melt the ice by w aiming the flask, and observe that the weight 
of the water is practically the same as that of the ice 

u Weigh a test-tube containing i little butter or wax Notice 
the weight Melt the butter or wax, and obscivc there is no 
change of weight 
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Change of state does not imply change of weight — At 
first sight it would seem tint when the state of a substance 
is changed its weight also undergoes alteration Ibis, how- 
ever, is not the case If i lb of ice is melted, i lb of water 
is produced, and if the lb of water is converted into steam, 
there is still only 1 lb of vapour, provided that care is taken 
not to let any escape I his constancy in the weight of the 
water, whether in a solid or liquid state, applies equally to 
all substances 

5 OTHER COMMON PROPERTIES OF MATTER 

i Some common things. —Obtain the follow ing — Piece of gl iss, 
transparent liquids, scahng-u i\, roll-sulphur, slate, lead, feathers, 
cork, sponge, sheet le id, India rubber, cane, air ball or pop gun 
Examine each of the things thoroughly, and consider what vou 
would want to know about it m order to describe it to a person 
who had never seen it 

(<?) Notice, for instance, tint glass can be seen through (trans- 
parent), and breaks easily (brittle) Lead, and most other things, 
cannot be seen tlnough (opaque). Lift the lead It is heavaer 
than pieces of the other substances of the s ime size (dense) 
Beat it into a thin sheet (malleable) Buul or twist it and it 
remains in the shape it is made (pliable) 

{b) Stretch, bend, compress, or tw ist the india-rubber, and then 
release it It goes back to the ongmal shape (elastic) Com- 
press an air-ball or a pneum itic tyre Release it It also 
springs back to the ongmal shape , hence air is clastic Bend 
cane or whalebone (flexible) 

Glass — You have now taken a few common things, and 
examined them to learn some of the properties things may 
possess Consider the properties of (3-lass You can see 
through it, and all thmgs you can see through are called 
transparent Glass, then, is transparent Some other 
things which are transparent are rock-crystal, air, water, 
and many other liquids 

If the plate of glass is dropped, or if it is struck by a 
hammer, it breaks into pieces Ihings_vvhich break into 
frag ments m thisjvayare called brittle Some other brittle 
things are cast iron, sticks of sealing wax, roll sulphur, slate 
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In being bnttle all these things are like glass In what way 
do they all differ from glass ? You cannot see through 
them, or, as is usually said, they are opaque^ 

Lead — What have you learnt about this substance? You 
say it is very heavy But it is not enough to say that, for if 
you take a sufficient quantity of feathers the) wall weigh as 
much as the piece of lead There is, of course, no differ- 
ence between the weight of a pound of lead and a pound of 
feathers What jou meant to sav was that a small piece of 
lead was ver) heav) Because of this we speak of lead as 
being very' compact or dense Some other dense things are 
copper, gold etc If a ver)' large thing has but a small 
weight, it is not dense. Such things as cork sponge, cam- 
phor, are not dense. 

Lead can be hammered out into sheets Sheet lead is 
used for lining tea chests and other boxes Solids which 
can be beaten .out into shfeets are called malleable This 
property of malleability is also possessed by copper, gold, 
platinum, but gold is more malleable than any other solid 

Lead can be bent and does not spring back , its shape 
after bending, or twisting, remains just as you left it All 
things which remain just as they are left after bending, ,_or 
twisting, are called pliable Copper, paper, and sheet-tin are 
also pliable 

.Some substances, however, may be readily bent, but after- 
wards at left to themselves they again spring back to their 
Qnginak form _ .Such substances are said to be flexible, eg 
cane, whalebone, etc 

India-rubber — The name of the chief property of india- 
rubber is actually given to it when it is made into long 
threads These are called elastic india-rubber is called 
elastic, because though you pull it, squeeze it, or bend it, it 
returns to its original shape and size when you leave it 
alone It is the property of going back to its first shape 
and size after bung forced out of it that is called elasticity. 
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Ifj'ou^ sgue_eze an air-ball, or push upon a pneumatic tyre, 
vyhen you remove your fingers they spring bach to the shape 
they had _at first These experiments tell you that air is 
very elastic 


6 OTHER COMMON THINGS 

Obtain — a sponge, clean white blotting-paper, glass-funnel, 
a cane, crystals of rock salt and sugar candy, powdered salt 
and sugar, several crystalline substances, such as washing- 
soda, borax, and rock-crystal, some flour and soot, matches, 
magnesium ribbon, a taper, and some clay 

I Notice the holes or pores m sponge (porous) Place a sponge 
in a saucer of water, and notice that the water disappears , it 
goes into the pores in the sponge, and can be squeezed out 
again Filter water through blotting paper, folded to form a 
cone, and placed in a funnel (Fig 3) Show that clay will hold 
water (impervious) 

II Observe the regular shape of pai tides of salt and sugar 
(crystalline) Particles of flour and soot have no regular shape 
(amorphous) 

III (a) Add salt or sugar to water, and notice that it dis 
appears (dissolves, or is soluble) 

( b ) Show that sand, slate-pencil, and many other substances 
are insoluble 

iv Bum a match, papei, mag nesium ribbon, etc (combustible) 
Find some things w'hich will not burn (incombustible) 

Sponge — By squeezing a sponge you at once find out 
that it is elastic But the first fact you notice about the 
sponge is that it has lots of holes in it The holes in a 
cane are smaller than those in the sponge A_thing which 
is full of holes, or pores, is called porous The sponge, 
therefore, is very porous But for a thing to be porous it is 
not necessary to be able to see the holes 

If you take a„piece of blotting-paper, and fold it as shown 
in Fig 3, put it into a glass funnel, and pour some water on 
it, the water finds its way through the paper because, though 
you cannot see them, there are holes in the paper, or it, too, 
is porous 

Even iron is porous to a small extent, and water is some 
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times filtered through a certain kind of iron Pumice, S-thxi 
charcoal, sandstone are also porous Things which will not 
allow water to pass, or filter, through them are called imper- 
vious Clay is an impervious thing , so is glass and india- 
rubber 



Tic 3 — How to fold a filter paper 


Salt and sugar — Salt and sugar are crystalline sub- 
stances, that is, each small piece has a ceitam regular shape, 
which for a particular substance is ahvays the same Solids 
which take a regular shape like this are called crystals 
Other common things which occur in crystals are w'ashing- 
soda, borax, diamonds and some other precious stones, 
rock crystal, and many other substances It is not always 
possible to recognise the shape of the crystals, as they are 
seldom perfect , we usually recognise a crystalline substance 
by the bright, glassy appearance of the particle 
Things which are not crystalline are called amorphous, a 
word w’hich is made up of tw r o Greek w’ords meaning ‘with- 
out shape’ Flour, soot, etc, are examples of amorphous 
things 7'f K-t “ 

Now, if you put the salt, or sugar, into a glass, or bottle, of 
water, and shake, or stir, the water, you will notice that the 
salt, or sugar, disappears, and if you taste the water you 
easily recognise the presence of the salt, or sugar You may 
say the salt, or sugar, has dissolved, or is soluble Wasnmg- 
soda, nitre, and borax dissolve m water 

Substances which will not dissolve in w'ater are said to be 
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insoluble Many things are insoluble in water, for in- 
stance, sand, gra\el, slate-pencil, coal, chalk However long 
you leave these in water they will not dissolve 

Things which bum — Many things easily bum in the 
air when made hot enough If you hold a match in a gas- 
flame you can easily show that it continues to burn after 
taking it out Similarly, you can make a piece of magne- 
sium ribbon burn Tapers and pieces of paper also burn 
quite easily Things which bum m this way are said to be 
combustible Coal, coke, coal-gas, tallow, wood are com- 
mon combustible things Those substances which will not 
burn are called incombustible Slate, iron, bricks, glass, 
etc , w ill not burn, and are therefore called incombustible 
things 


QUESTIONS ON CHAP I 

» I What ha\e you learnt about the meaning of 1 miner’ ? 

2 State in your own words what a solid is, what a liquid is, and what 
a gas is 

3 How do solids and liquids differ from one another 3 

, 4 In what important -espsets do liquids and gases difier 3 

5 What experiment would you do to show that while the size of a 
liquid remains the same its shape can keep on altering? 

6 What plan should you follow if you wished to arrange three 
substances in the order of their hardness 3 

7 Which is the hardest thing you know 3 What is it used for? 
y% Many substances allow water to pass through them sen readily 

Why is this 3 What experiment would sou perform to show this in the 
case of blotting paper 3 

9 What things are said to be soluble 3 Name six soluble things 
j t io What do you mean by a transparent substance and what by an 
opaque thing? Name six transparent things and six- opaque things 
ii Explain as carefully as you can what you understand by a dense 
substance Name sexeral dense substances 
| ( 12 What things are said to l>e malleable ? Write down the names of 
as many such things as you can 

j' 13 Why are india rubber, air, whalebone, etc, said to be elastic? 
How would you show that air is elastic? 

(For additional practical exercises upon the subjects of this and subsequent 
chapters see p 1S9 ) 



CHAPTER II 


SIMPLE EXAMINATION OF COMMON SUBSTANCES. 

It is now desirable that the student should familiarise him- 
self with some of the substances, or forms of matter, which 
are of common use in chemical laboratories He should 
learn to examine and describe any substance which may be 
given to him, so as to write out an account of its more 
obuous properties 

In thus describing a solid it must be remembered that 
nothing should be taken for granted , it must be assumed 
that the person for whom the description is written is, to 
begin With, completely ignorant of the substance m question, 
and the observations recorded should be such that the 
reader is able to form an accurate idea of the substance 

Order of examination — During the examination of a 
substance therefore the following points should be noted 

(a) State all you can learn of the substance by aid of the 
sense of .sight, that is, state whether it is a solid, liquid, or 
gas^ whether it is in large or in small lumps, or m the 
form of a powder Note also whether the separate particles 
of the substance have a glassy appearance, with straight 
edges where the surfaces cut one another, or whether 
they are dull and lustreless, with no such straight edges In 
the first case the substance is probably crystalline , in the 
latter amorphous 

If the substance is in large pieces, state whether it is 
transparent m opaque State its colour, and if there are any 



14 


INTRODUCTORY CHEMISTRY 


other points concerning it which are evident to the eye, be 
sure to state them 

(b) What is learnt concerning the substance by the use 
of the sense of smell ? Has the substance m question any 
odour ? If so, is the odour pleasant or otherwise ? 

It is very difficult to describe odours exactly , but, 
if the odour seems sharp, making you draw back and cough, 
it may be termed a sharp or puiigent odour, if it appears to 
hang at the back of your throat and prevent you breathing 
properly, it may be termed a heavy, jcholing odour 

(c) The feel of the substance should be stated, whether 
it feels dry or moist , etc Some substances have a smooth, 
soapy feel Others feel soft, like flour , or gritty, like pow- 
dered glass 

(d) The substance should then be subjected to other tests 
It should be hammered on an anvil or a slab of metal, in 
order to see whether it is malleable, or brittle You should 
test whether it is haid or soft, and, if possible, test about 
what is its degree of hardness according to the table on 
p 3 If you can, you should test whether it is flexible 
jor not, and whether or not it appears to be .elastic 

^ ( e ) These observations having been made, you should, lf'i 

permitted by. your teacher, but never without obtaining 
such permission, taste the substance to see wh ether any. 
definite taste jS-notlcccC such, for example, as a salt or saline 
taste , a sweet or an acid taste 

You may then proceed to test the substance in other 
ways 

(/) Determine whether it is soluble, or not in waiter In 
doing this you should also notice whether the addition of 
water to larger quantities of the substance has any effect 
For example, whether the water appears to be absorbed, to 
generate heat, or to alter the form of the substance, etc. 

(g) The substance should then b zjwatcd in a test tube, 
or in a crucible, and the effects noted Particular attention 
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must be paid to changes apparent m the substance itself, 
such as change of form, change of colour, melting, etc 
Any other changes, such as the evolution of vapours, etc , 
must also be recorded 

For the purpose of heating substances in a chemical 
laboratory a form of gas burner, called a Bunsen burner, is 
generally employed (see Fig 75) The noticeable point 
about the burner is that near its base are two small holes, 
which may be covered up by turning a small outer tube 
When these holes are closed the gas bums with a bright 
luminous flame which, however, deposits soot on objects 
placed in it When the holes are open the flame is not 
luminous, and no soot is deposited, and this non-luminous 
flame, is always emplo j cdfor heating purposes 

Sometimes the gas catches alight at the bottom of the 
burner , it then burns with a long, straight, narrow flame, and 
not only makes the whole burner inconveniently hot, but 
also gives out an unpleasant odour The burner is then 
said to have s truck back When this is the case the gas 
should be turned off and the burner re-lighted , it may also 
be remedied b) sharply striking the india-rubber tubing 
with the edge of the hand 


7 EXAMINATION OF SALT 

I Salt — Examine, according to the scheme just explained, the 
specimen of common salt pro\ ided, and recoid carefully all your 
observations Examine the appearance of the particles to the 
eye, then employ a lens, and describe what you see Has it 
any odour 5 

II Take a little of the substance m your fingers and rub it 
between them, noting whether it feels gritty' or not Test it to 
see whether the separate pieces are malleable or not Taste it 
and note the result. 

III Place ?l few grains in a test tube and add distilled water 
Shake vigorously and notice w'hether or not the grains dis- 
appear Taste the resulting liquid Heat carefully for some 
time in a crucible a small amount of the substance 
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A description of common salt — You lull have observed 
from these tests that salt is a white, crystalline powder Its 
separate grains consist of small rectangular solids They 

belong, in fact, to w hat is known 
as the cubical system, and natural 
crystals of considerable size may 
be obtained (Fig 4) The natural 
form of salt, known as lock sail, 
is largely obtained from certain 
salt deposits which are found, in 
lajers of varying thickness, in 
Austria, and in England m 
Cheshire From these deposits 
the salt is obtained either by 
quarrying, or by forcing in water, 
pumping out the solution, and then evaporating It is also 



Tio 4 — Crystal of common salt. 



obtained by the evaporation of sea water (Fig 5) The 
natural crystals, which are larger than those of the purified 
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product employed for household use, are also usually 
coloured owing to the presence m them of impurities, 
chiefly iron compounds Salt feels g ritty J o the touch, as, 
indeed, do most crystalline powders , it is also brittle, the 
larger crystals readily breaking up into smaller parts when 
struck 

Salt is inodorous, but has a very sharp sal ine tast e, . — It 
dissolves readily in water, the resulting solution possessing 
a taste similar to that of the solid 

When salt is heated,_ a crack ling _spund is__heard, but no 
vapour of any description is given off This crackling, 
tejmedjiecre/>ita/ion, is due to the breaking up of the larger 
crystals, under the influence of heat, into smaller portions 
, If more powerfully heated it may be noticed that salt 
-fuses,, but there appears to be no real change in the 
nature of the substance, since it still possesses the same 
taste and properties 

It is understood that all the substances dealt with in the 
followung pages are to be examined in a similar manner 
In certain cases additional experiments may be required, 
and these will be noted in their proper places 

8 EXAMINATION OP SAL-AMMONIAC -T •' ■ 

i Examine a specimen of sal-ammoniac according to the plan 
followed in the case of common salt Carefully describe all the 
observations made 

li Action of heat upon sal-ammoniac — Place a small quantity 
of the substance in a crucible and heat Note the dense white 
fumes which rise Place a large funnel over the heated crucible 
and observe the result Scrape off the funnel some of the white 
deposit and taste it Try the effect of w’ater on a part of the 
deposit, also try the effect of heat upon another portion 

Description of sal-ammoniac — Like salt, sal-ammoniac 
is a white crystalline pow'der The form of the crystals 
cannot usually be made out, even with a lens But, speak 
ing generally, the crystals appear to be feather-like forms 
J c b 
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If, however, any good crystals are present in the specimens 
given to you, the crystals may be seen to resemble the 
diagram given (Fig 6) Sal ammoniac appears gritty to the 
touch, and is brittle It possesses no_ odour, but Hasa very 

sharp taste resembling that of salt, 
but being more acrid, or burning 
It is readily_soiubie m water 
When heated sal-ammoniac 
soon gives off white fumes, and 
eventually completely disappears, 
being converted into a gas with- 
out first melting to a liquid In 
the cooler air, and upon the 
funnel, the gas again forms the 
solid, for your experiments have shown that the white deposit 
is still sal ammoniac Thi^phen omeno n of th e ch ange of a 
solid into _a vapour, and its subsequent cooling to a solid of 
the original nature, is termed sublimation, and a few other 
examples mil probably be met with during your chemical 
studies 




Fir 6 — Crystals of st! -unmonnc 


9 EXAMINATION OF CHALK 

I Examine the chalk provided according to the scheme given 
on p 13 

II Chalk is not soluble in water — Shake up a small quantity 
of chalk ruth distilled water and allow the liquid to settle 
Pour off a quantity of the clear hqtnd into an ei aporatmg basin 
and heat the basin on a piece of wire gauze over a Bunsen burner, 
so that the water is driven off Notice that no white powder 
remains The chalk was not dissolved, or chalk is insoluble in 
water 

Description of chalk — Chalk will be found to take the 
form of an amorphous pow'der, or amorphous lumps, but if a 
thin slice is examined under a lens of high magnifying 
power, or under a microscope, the chalk may be seen to be 
composed, to a large extent, of minute shell-like structures 
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(Fig 7) These are, in fact, the remains of a minute foi ■ 
of animalcule, which even now lives in sea-water The fact 
that the chalk is thus composed of the remains of marine 
organisms proves that it must have been originally deposited 
at the sea-bottom Hence, the chalk hills, which occur in 
many parts of England, must at one time have formed a 
portion of an ocean bed 



Fig 7 — Appearance of chalk under a microscope. 


Chalk feels softer to the touch than common salt, and leaves 
a w'hite mark on the fingers It does not dissolve in w r ater 
A few grains placed in a test-tube of water remain, even 
after vigorous shaking Heat has apfiai enily^ no effect upon 
it, the product left in the crucible being still unchanged 
chalk, while no vapours are observed to be driven off The 
student must, how r ever, remember that this is only true 
when chalk is not subjected to an intense heat, for as is 
well known, it is by strongly heating chalk that the ordinary 
lime of the builder is obtained 

It must be remembered that the substance called ‘ chalk ’ used for 
blackboard writing is usually a composition which is not chalk, and 
must not be used where chalk is described 
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10 EXAMINATION OF SAND 

1 Sand. — Examine according to the scheme previously em- 
ployed 

n If possible, examine sand under the low power of a 
microscope 

Description of sand — Sand is usually obtained as a pale, 
yellow, granular, crystalline. powder It is very hard, and if 
a few grains be rubbed over glass, it will be seen that the 
glass becomes scratched, so that sand grains are harder than 
glass, and cannot be reduced to a powder by a pestle and 
mortar It is quite insoluble m water, and is unchanged 
by heating Under the microscope it is observed that 
each grain has a glassy appearance, but that the edges have 
been largely worn away by the rubbing of the grains upon 
one another 

11 EXAMINATION OF BLUE VITRIOL-'' 

1 Blue vitriol. — Examine as before. 

li The effect of heating Blue vitriol. — (a) Place a quantity of 
powdered blue vitnol in a large test-tube, fitted with a cork 
through which passes the short arm of a long tube bent at 
about 6o i° The long arm of the bent tube dips down to the 
bottom of a dry test-tube Heat the blue vitriol and notice that 
the vapour dnven off collects and condenses in the second 
tube and forms there a clear, transparent liquid (Fig 8) When 
sufficient of the liquid is collected it should be examined This 
can be more readily done, if the liquid obtained by several 
students be collected together for examination 

( 6 ) Place a little of the liquid in a test-tube containing also a 
thermometer Heat over a verv small flame until the liquid 
boils, and carefully note the boiling point 

(c) By means of a graduated pipette take an exact number, say 
5 c c of the liquid, and deliver it into a clean beaker previously 
weighed Weigh the beaker again and so obtain the weight of 
the 5 c c of liquid From this calculate the weight of i cc, 
that is the density of the liquid 

(d) If they are available, mix up some powdeied ice and salt m 
a small beaker and immerse in the mixture a narrow test tube 
containing a thermometer and a few c c of the liquid Keep 
the test-tube in the beaker until the liquid is observed to be 
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frozen, when the tube should be tal cn out and the frozen liquid 
allowed slowh to melt When melting occurs observe the 
temperature recorded by the thermometer. 



Hr ? — Holme Hue vnno! 


in Change of colour of blue vitriol — Drop a little of the while, 
anhydrous powder (obtained b\ heating blue \itnol) into water 
Notice the instantaneous change to a blue powder with the 
subsequent dissolution 1 


Description of blue vitrioL — 'I he blue vitriol with which 
the student is proaided will probably be in the form of 
tolerably large, blue erystals with plane, glassy faces If 


any perfect crystals are present, tlveir 
shape should be drawn 'I he crystals 
will be found to be of the form shown 
in Tig 9 1 hey area cry brittle, being 

\ery readily broken up into a powder 
when struck by a hammer 1 he 
crystals are not so hard as steel, since a 
knife will easily scratch them, but thiy 



Ff<j 9 — Cry si it of blue 
Mlnol 


are considerably harder than the finger nails 'I he crystals 


are inodorous, but they must not be tasted The crystals 
readily dissolve in water, forming a blue solution 


’The term dissolution is now largely used for the act of dtssoli'1/ig, the 
term solution lieing restricted to the resulting product 
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When heated in a test-tube the crystals break up into a 
light blue powder At the same time a vapour is gi\en off 
which condenses in drops towards the top where the test 
tube is cold By continued heating the powder becomes 
almost perfectly white On allowing to stand this white 
powder again becomes blue 

If the liquid formed by the condensation of the vapour 
given off when blue vitriol is heated be collected and 
examined in the manner descnbed in E\pt 11, n , it will 
be found that the liquid is clear and transparent and 
possesses a boiling point of 100° C Its density is i, and 
its freezing point (or the melting point of its solid form) is 
o° C These tests are sufficient to identify the liquid as 
wate> You have consequently learnt that the blue vitriol 
crystals lose water on heating and form a white powder 
Many crystals will be found similarly to contain water, and 
this water is spoken of as water of crystallisation The 
white powder which no longer contains any water is termed 
anhydrous A little consideration will suggest that the 
change “back from the white powder to the blue form may 
be due to an absorption of moisture from the air 

12 EXAMINATION OF GREEN VITRIOL 

1 Green vitriol. — Examine as before, 

n Effect of heat. — ( a ) To obsene more carefully the effect of 
heat, place some crystals of green vitriol in a hard glass tube to 
which is fitted a cork with a long dehv ery tube bent at right angles 
Let the end of this delivery tube dip down to the bottom of a dry 
test-tube as m Expt. n, n Heat the \itnol and observe that it 
turns almost white in colour and that a liquid condenses in the 
test-tube. Remove the test tube and examine the liquid as in 
Expt. u, li , identifyang it as water Place a little of the light 
powder in water, observe the green solution which results Con- 
tinue the heating of the green vitriol and observe that after some 
time thick, white fumes are evolved Now let the delivery tube 
dip into a second dry -test tube, and continue to heat the green 
vitriol very' strongh Note the collection of a liquid in the test- 
tube Examine the liquid. Note that when heated it forms 
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thick, white fumes, with a very pungent odour, an 
mixed with a large quantity of water the solution 
very sour taste, and that if a diop be placed on s< 
causes it to become charred 
(6) Allow' the tube of green vitriol to cool and th 
its contents Observe that the green vitriol has be« 
to a brownish-red pow'dcr which does not dissolve 1 

Description of green vitriol — The green vitri 
will most probably be found to consist of mode . 
green^crystals, brittle, and soluble in water, forn . 
solution Like blue vitriol, the crystals contai 
crystallisation which is driven off by heat, leai 
pow'der This pow'der, however, is also decci 
heat, and when strongly heated evolves thick, 
wjnch possess an irritating, pungent odour If , 
are condensed in a cold test-tube, a liquid is obt 
js_ obviously, not water It is thicker and moi 
water, and when heated again forms the white fui 
of this liquid in a large quantity of water gnes to 
a very sour t< 
wood It is 
The tube i 
considerably 
red, _ insolub 
green solutic > 
vitriol Its . 
that of rust, i 

paper, etc 

13 FA" NATION Or SULTIIUI? 

i Sulphur - ‘ < / 

described (p 
li Melting 
laboiatory bu ■ 
thm- walled ti 
diameter Ir 
Tie the fillec 
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piece of fine platinum wire, and put the thermometer into a 
beaker of sulphuric acid which has been placed over a burner 
(Be very careful not to upset the acid ) Graduall) heat the 
acid and keep it at a uniform temperature by moving the cuned 
stirring rod (shown in Fig 10 ) up and down Notice when 
the sulphur melts, and at that instant 
[ (j read the thermometer This reading will 

I be the melting point of the sulphur 

j 111 in Effects of heat upon sulphur — (a) Put 

■fan some fincl> powdered sulphur into a large 

1 test tube, using sufficient to fill the tube 

[ to a height of about N, inches, and heat 

I /t carefully with a small laboratory burner 

flame Occasionally take the tube out of 
ndfl the flame and shake it When the sul- 

JtIjI pltur has all melted notice that an amber 

coloured liquid has been formed Pour a 
» I little of the liquid into a beaker of water 

j I Observe that a lump of yellow’ sulphur is 

A I again formed, which when broken reteals 

/JgSgjjjgl JPSESS a crystalline structure. 

(b) Continue to heat the remainder of 
ofm e nmEpomt“phur n the liquid sulphur obtained in («) until 
the liquid boils Carefully observe the 
changes m colour and consistency of the liquid Pour a little 
of the boiling liquid into cold waiter Examine the cooled 
sulphur, it is plastic and not unlike India rubber 


(c) Notice that a yellow deposit has been formed on the cold, 
upper part of the test-tube in which the sulphur was heated 
Tins is the result of the condensation of sulphur vapour The 
deposit is known as flow as of sulpha 

(d) Place some powdered roll sulphur in a clean, dr}, evaporat- 
mg basin and heat gently on a piece of iron wire gauze When 
it has all melted, remove the flame and allow it to cool As 
soon as a solid film has formed on the top of the liquid, pierce 
two holes in it and quickly pour out the remaining liquid sulphur 
through one of the holes Remove the film of solid sulphur and 
examine the yellow, needle-shaped crystals on the sides of the 
basin (Fig n) This kind of crystalline sulphur is known as 
the prismatic variety 

Examine the crystals after a few da>s Observe they are now 
opaque The prismatic sulphur has changed back again to 
ordinary sulphur 

(<?) Heat a little sulphur in a crucible lid or m an iron spoon 
until it burns Notice the pale blue flame and observe the pun 
gent smell which the products of the burning possess 
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Description of sulphur — Sulphur forms large, solid mas 
with a crystalline structure (It may, however, have beer 
the form of an amorphous powder ) It is insoluble in w r ater 
and possesses no smell When heated it melts and finally 



Fig ii —Crystals of sulphur (Frorm photograph by Mr H C Hudlej ) 


burns wnth a blue flame, so pale that it may not be noticed 
at first, especially in a bright light Sulphur undergoes a 
series of changes as it is heated To follow the changes 
satisfactorily the heating must be very gradual When 
powdered roll-sulphur is heated in a large test-tube it first 
melts, at about 114° C, into an amber-coloured liquid, 
which when poured into cold water solidifies into ordinary, 
yellow' sulphur On continuing to heat the melted sulphur 
above 114 0 C , however, it gradually gets darker and darker 
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in colour, becoming thicker and thicker in consistency, until 
at about 250° C it is so viscid that the tube containing it 
can be inverted and the liquid will not flow But if the 
temperature be sti'l further raised, the thick liquid becomes 
mobile again, and at 440° C it boils, changing into the 
vapour of sulphur The vapour, by sudden cooling, can 
be changed into a yellow powder, known as flowers of 
sulphur If the boiling sulphur be poured into cold water 
it is converted into plastic sulphur 

S U EXAMINATION OF NITRE 1 ' ^ ; 

1 Nitre — Examine as in previous cases, and record jour 
observations ' 


Description of nitre — The nitre given jou to examine 
will be most probably in the form of clear , 
/K g lassy crysta ls, usually of the form shown m 
/f \\ Fig 12 it maj, however, be given to you 111 
// the form of a fine , white, crystalline powder 

L _ J Like other crjstals examined it is brittle jind 

\\ // gritty to the to uch It readily dis solv es in water, 

\ / and both the soli d and its s olutio n m water 

V p ossess a bitter , cooling, saline taste When 
Cr> stg of nitre heated, nitre doe s not g ive off vapour, „and ats 
crystals possess_no water of crystallisation 
Nitre , eventually melts i f th e hea ting is continued ^and on 
cooling it re sol idifies a gain to a white solid_^On _heating 
the mel ted nitr e it bubbles, that is gives off jigas, and, this 
gas does not co nden se on the_cooler parts of the tube 
~~ ~Nitre is very lar gely used for many purposes both domestic 
and industr ial Thus, it is employed m die manufacture of 
gunpowder and _of fireworks, for juedmmal jiurposes, and for 
preserving and pick ling, meat it .occurs very largely m 
certain hot countries _as a deposit on the soil This natural 
compound was formerly the chief source of nitre 
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15 EXAMINATION OF WASHING f-OiM 

i Washing soda. — {a) Examine as in previous cases 

( b ) Wash a few crystals of washing soda and dry by filtei 
paper or cloth Expose to the an for a few days and notice 
then appearance You will observe that a white pow'der 
foims on the surface on exposure to the air 



FiC 13 — Fresh crystals o( washing 
soda (From a photograph by Mr H 
E Hadlej ) 


Fir 14 —Crystals of washing soda 
w ith w hitc deposit (I rom a photograph 
bj Mr H E Hadlej ) 


( c ) Put some 01 dinary washing-soda crystals m a test-tube, 
and m another test tube put some of the white powder which 
jou have sciaped oil the suiface of some of the crystals, and 
heat them both Obseive that the soda crystals melt at a much 
lower temperature than the powder and although it will be 
found that water is gnen off from "both (how would you find out 
whether the liquid evolved is really water or not ? see p 22), yet 
there is much less evoh ed from the pow r der than from the crystals 

[d) Examine the white powder left after heating the crystals, 
and note that you cannot obtain any more water from it Ob- 
serve, however, that the taste of the powder is similar to that 
of the crystals or of the white efflorescence 

Description of washing soda — The substance is in the 
form of clusters of glas sy crystals, but in many cases these 
are covered over with a white powder (Figs 13, 14) Few 
perfect-crystals are probably present '1 heir shape, when 
obtained, is usually as shown in Fig 15 
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Washing soda has a peculiar saline taste, and readily 
dissolves in water When heated the crystals very readily 
meltj and, on further heating, Tioiil, water of crystallisation 
being dm en off 



The formation of the white powder 
on the surface of the crjstals is a 
subject which deserves further inves- 
tigation 

It appears that the change from the 
washing soda crystals to the white 
powder is due to the loss of some of the water of crystal- 
lisation A similar change frequently hajipens, but not 
always, when crystals containing water of crystallisation 
are exposed to the air, and the crystals arc then said to 
effloresce 


Fig 15 — Crystal of 
Tshing soda 


Washing soda which contains water of -crystallisation 
readily changes to a white powder containing less water, 
and this by further heating yields the anhydrous compound 


16 SOME COMMON METALS 

1 Examination of copper —(a) Observe and record as before 
all the properties of copper you can make out 

(&) Heat a strip of copper in a Bunsen flame and record any 
changes which occui 

(c) Take a piece of copper, which has become gre> by being 
heated, and scratch the surface with a knife Observe that the 
bright red lustre is again seen, the greyness being due to a 
grey deposit, or coating, on the surface of the copper By 
renewed heating the copper will again receive a new grey 
deposit or tarnish 

Description of copper — Copper is red and has a bright 
shining appearance, characteristic of many metals, and 
termed ajmetallic lustre It has no smell or taste, and is 
insoluble in wxater It is very malleable and pliable It 
may in fact be beaten out into very thin leaves, thinner than 
paper, and it may be drawn out into very fine wire It is 


1 
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not as hard as steel, being scratched by a knife Copper 
appears to change when heated, for almost directly heat is 
applied, films of bright colours appear to pass over the 
surface of the copper, which, after becoming purplish red, 
finally become a dark grey or black, while the metallic lustre 
is lost 

[If these changes were not noticed m your experiments, 
you should again heat the copper and carefull) observe 
them ] 

You ha\e most probably found the density of copper in 
your previous work on science If so, you should look 
up your physics note-books, and add to your notes on 
chemistry the value }ou obtained It should be about 

S 9 gms per c c 

, — - 

Note — Fach of the metals now to be examined should be examined 
according to lh£ scheme gi\ui on p 13, and tile obstrialions must be 
recorded in the note book 

Description of iron. — Iron generally appears to be a dark 
grey, or even brown, solid without lustre, but this is because 
it is generall) coated with an outer film, or rust Clean the 
iron well with sand paper, and again examine it You will 
find that it is a bright, grey 'metal with a metallic lustre, not 
as bright, however, as that of copper It is hard and cannot 
easily be cither hammered out or broken by a hammer. 
It is insoluble in water 

When heated, iron becomes coated with a dark gre>, 
brittle scale which can be readily detached from the iron 
It is also a matter of common experience to all who use 
their eyes that when iron is heated to redness it becomes 
malleable and can be hammered into different shapes, whilst 
it acquires also the power of welding, that is, two pieces of 
iron when red hot and hammered together^cohere, or weld, 
into one firm, solid piece l 7 ou will doubtless have observed 
that unused iron, especially when left in a damp place, soon 
rusts, becoming coated with reddish brown powder or rust, 
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which, however, may be readily rubbed, or scraped off, 
again leaving bnght metallic iron beneath 

If m a physics course of study you determined the density 
of iron you should find the value you obtained, and add it 
to the observations you record in your note-book about iron, 
it is about 7 8 gms per c c 

Description of lead — Lead also appears dull ordinarily , 
but, when scraped or cut, it is seen to possess a bright lustre, 
which, however, soon becomes dull It is malleable and 
flexible, and has a very high density Look up the value 
you have previously found for the density of lead , you will 
see it is as high as ii 3 , lead being one of the most dense of 
common substances It is very soft, so soft that you can 
scratch it with your finger nail and that it can mark paper 
It is insoluble in w'ater 

When heated, lead readily melts, forming a liquid with a 
bright, lustrous surface resembling quick-silver, which soon, 
however, becomes coated with a scum which re-forms almost 
as fast as it is scraped off ^ 

The insolubility of lead and the ease with which it can be 
moulded, bent, and hammered into shape, make it of great 
use for many industrial purposes, and the student should 
endeavour to notice how these different properties of the 
metal are utilised by the plumber, etc , when the metal is 
used for many of the different purposes to which it is 
applied 


17 ZINC 

1 Burning of zinc — Take some thin pieces of zinc, and placing 
them on a piece of fire brick, or on the lid of a crucible, heat 
strongly with a blow'-pipe flame, letting the flame play especially 
on the edges of the thin sheet You will observe that the zinc 
bums in the manner desenbed below 

Description of zinc — Zmc has a bluish white colour and 
a metallic lustre It is, however, usually coated wuth a very 
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slight tarnish ,, though not as marked as that of lead It is 
onlj slightly malleable, and cannot be hammered into \er> 
thin sheets without cracking Its density, which should be 
determined, if not found ahead), is about 69 It is in- 
soluble in water 


On heating, ?inc first melts and then readily gets coated 
with a scum If heated strongly, it may get completely con- 
certed into this scum, which appears to be of a )ellow 
colour when hot, but becomes dirt) white on cooling If 
heated sufficiently /inc eten bums with a bluish white flame 
and the production of white fumes 


18 TIN 

1 The cry of tan — If a large piece of tin is acailablc bend it back 
and fore dose to the ear, and notice the peculiar crackling sound 
which is emitted This is termed the cry of tin , and, although 
also noticed with other metals which possess a crystalline struc- 
ture, is not so m."' ' A ~~ ~ f ‘ . 

Description o“ J 
lustre Thougl 
than lead If a 
ance of the frac 
can be hammei 
used largcl) in 
work, is thus ofc 
is well to note ‘ 
made of tin, bu < 
with a coating c 
wherein such ai 
soldy of iron or 
When heated 
ture indeed tha 
with a grey filr 
surface of the n 
becoming coate 
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heated in a blowpipe, thin pieces of tin may be made to 
burn in a manner very similar to zinc. 

19 MAGNESIUM 

1 Density of magnesium. — Endeavour to determine the density 
of a few pieces of magnesium ribbon by means of a density bottle 
such as ■sou ho\e already used for the determination of the 
densit\ of small solids You will probabh find, however, great 
difficulty in getting' the magnesium free from air bubbles, which 
appear to accumulate again after you have got nd of them 
TThis difficult raai be avoided bv cmploving some other liquid 
I such as alcohol , just as when vou had to determine the density 
of a soluble solid - ' 

Description of Magnesium — Although not so common a 
metal as those which have been examined already, mag- 
n esium _i s~i£ry . larg.elv~used~ m^chemicaUnboratories It is 
usually sold in the form of a long flat, coiled ribbon It 
possesses ajinght, whitejustre, and is malleable and-flexible 
Magnesium is_.softcr_.than. iron Its density appears to. be 
low, as the weight of pieces of the metal appears very little 

The density is actually about i 7, being much less than 
that of the metals you have previously examined 

When heated, mag nesium bursts into a bril liant, white 
flame,_givmg an intens e light, and fo rming clouds of white 
smoke which settle on objectsjheld near, while a mass of 
white ash is left behind 

It ^insoluble m water, but the behaviour observed in the 
determination of the density' should be carefully noted 

QUESTIONS ON CH \V II 

1 Give in account of the points of resemblance and of difference 
between, sal ammoniac and salt, copper and lead, blue vitriol and green 
vitriol 

2 Write a description of chalk, soda, and of sulphur 

3 What is meant bv sublimation 5 Give examples Explain the 
meaning of the following terms efflorescent, decrepitation, deliquescent, 
lustre, amorphous. 

4 How would you ascertain whether a given yellow powder was 01 
was not sulphur ? 
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5 A sphere of lend weighing 1S4 gms was found to ha\e a 
\olume of 2 3 c c 'What conclusion would jou draw concerning it? 

6 How could jou rcadilj ascertain (without the application of 
chemical tests) whether a watch chain consisted of solid gold or was 
merelj gilded siher 

7 What difleicnces w uld sou observe if jou healed salt crjstals and 
crystals of soda in different test tubes? 

S Evplain how jou would make some crjstals of sulphur 

9 How does a crjstal of salt differ in shape from a crjstal of soda? 

10 Whj is steam gi\en ofT when crjstals of soda are heated, but not 
when crjstals of sulphur arc heated ? 

11 Ilow would ion show that crjstals of alum contain water? 
What is the water called? 

12 What do sou mean bj an efflorescent crjstal? Name one 

13 What happens to a crjstal of blue \1tr10l if it is heated in a 
test tube? 

14 Describe bricflj the effects of heating the following substances 
in air — green ulriol, lead, sal ammoniac, and wood 
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SOLUTION— EVAPORA HON- DISTILLATION 

You !me already found that one of the ways m which 
various hinds of matter differ is in their solubility Thus, 
though salt, washing soda, sal ammoniac, and other of the 
solids you have examined dissolve m water, yet others such 
as lead, sulphur, and sand do not dissohe, and are said to be 
insoluble There are many questions which may be asked 
about solution, and by performing some necessary experi- 
ments it is possible to answer them Such questions, for 
example, are — Will substances which do not dissohe m 
water dissohe in other liquids ? Do liquids and gases also 
dissohe in water 3 If a solid is soluble m water, can any 
quantity of it be dissolved by a given amount of water 3 
Can the dissolved substance be obtained again from the 
water 3 Are substances equally soluble m "hot and in cold 
water 3 Many other questions could be ashed, but those 
mentioned will Serve to show that the simple fact of the 
solubility in water of some common substances suggests a 
number of problems which can be answered experimentally 
and so provide facts to help in future work 

20 SOLUTION OF SOLIDS 

i Some solids, insoluble in water, are soluble in other liquids — 
(a) Camphot — Stir up camphor with water Notice that the 
camphor does not disappear , it is insoluble in water Shake 
up a small lump of camphor with some spirits of wine, in a 
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small bottle. Tt gradually disappears, just as sugar does in 
water. 

(&) Sulpfur — Shake up in a bottle flowers of sulphur with 
carbon "bisulphide, and notice that the sulphur disappears Be 
cartful to l cep the stopper in the bottle of carbon bisulphide , ami 
do rot bring the bottle near a light 

n Bemoral of suspended substances by filtration. — Fold a cir- 
cular piece of clean white blottirg-paper, or a filter paper, m 
the manner described in E*rpt. 6 Insert the fo’ded paper 
into a glass funnel, and place the funnel into a flask. Make 
some muddv water b) stimng mud into a tumbler of water or 
by putting powdered charcoal into it The mud, or charcoal, 
remains suspended m the water for a long t’me 

Four the mndav water careful!} on to the filter-paper m the 
funnel ana observe that the water which drops through is quite 
dear The mud is left on the paper 

in Kon-removal of dissolved substances by filtration. — Similarly, 
filter a solution of sugar or salt, 2 nd obsene by the taste of the 
liquid that the solution is unaltered bv passing througn the paper 

Substances insoluble in water — It has been found that 
salt, washing soda, nitre, etc, are soluble in water, many 
thrngs, on the contrary, will not dissolve m water, and these 
are spoken of as insoluble Sand, gravel, coal, camphor, 
are all instances of substances insoluble in water 

But though camphor will not dissolve in water vet it dis- 
appears when shaken up in spirits of wine. And as camphor 
is soluble in spirits of wine, a solution of camphor m spirits 
of wine can i>e made. Shellac js another substance which 
vail dissolve in spirits of wine and not in water; such a 
solution, in fact, makes a varnish used Jfor, covering, some 
lands of .furniture. Sulphur, .again, .though jt will, not dis- 
solve Jn water, and only very’ httie in spirits of wine, dis- _ 
2-Bpears very quickly if placed m the nauseous liquid called 
carbon bisulphide. 

Substances held in suspension in water — Substances 
which are insoluble in water will, if finely powdered and 
stirred up with water, often take a long time to settle, that 
is, the fine particles remain suspended in the water for a long - 
time The lighter the particles are, the longer the time it 
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takes for them to settle and for the w ater to become clear 
If, on a rainy day, a glassful of muddy water is taken from 
the gutter, and then placed on one side, the particles can be 
watched settling to the bottom Those substances which, 
like the mud, are spread throughout the water without 
being dissolved in it are_said to be held in suspension The 
rate at w'hich these suspended particles settle to the bottom 
to form a sediment depends upon their density and their 
size, large particles settling more quickly than small ones 
of equal density Whilst of particles of equal size, light 
particles take a long time, heavy particles only a short time 
to sink 

Suspended substances can be removed by filtering — It 
is easy to separate suspended impurities from water The 
process by which this is done is called filtration Many 
substances are used through which to filter water containing 
particles m suspension Chemists most commonly use 
paper which has not been glazed , such paper has been already 
found to be porous (p io) , although the holes through it 
are large enough to let water pass, yet they are not large 
enough to let the suspended substances go through In 
consequence, these particles are left on the paper in the 
funnel, and the water which trickles through is quite clear 
! It must be remembered, however, that it is impossible to 
get rid of substances in solution by filtering the liquid 
Dissolved material passes through the holes in the paper 
with the liquid in which it is held m solution 

Other substances besides unglazed paper are used some- 
times in filtering Thus, often the water supply of a town 
is filtered through beds of sand Household filters are 
made with pieces of charcoal for the w r ater to trickle 
through, and in some others a particular kind o f porous 
iron, or p orcelain, is employed Every filter requires to be 
cleaned frequently or it gets clogged with impurities from 
the w'ater which has filtered through it 
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2L SOLUTION OF LIQUIDS 

» Murture of alcohol and -water — Pour some v ater into a bottle 
and then some alcohol, 1 and shake them up together Obscr, e 
that the alcohol disappears in the v ater or dissolves in it 
./'ll Solution of ether in water — Shale up a little v ater and ether 
Ob-erve t he separat ion into tvo lavers , ether above and water 
below Pour the muture into a funnel the bottom of "hich is 
closed by your finger Allov a little 
of the loAer liquid to run into a test- 
tube. Insert into the test-tube a 
cork fitted v>th a glass tube Boil 
the liquid and apply a light to the 
tube, and obsenc that an inflamm- 
ablc_gas is at first evolved (Fig J 6), 
and after a v.hdc only steam passes 
off Add a little of the upper layer 
to some white anhydrous blue vitriol, 
prepared as mEypt n, 11 , and ob- 
ser e that it is turned blue. 

in liquids insoluble in one another 
— Shake up together some olive oil 
and v.ater, and allow the mixture to 
stand for a short time. Notice that 
the liquids separate into tv,o layers, 
the lighter being on the top Which is the lighter? Boil 
away some of the lo' er water layer, and notice there is no 
e> idence o r contained oil 

n Gas dissolved in water —Examine a bottle of soda-vater 
Notice that it appears clear and bright, and seems to have 
nothing dissolved in it Uncork, or othcrv ise open it Bubbles 
of gas escape. A lighted taper held to the mouth of the bottle has 
its flame put out by the gas v,bich is given off Heat a largefiask 
of ram v ater notice bubbles of gas soon form inside the flask. 

Miscible liquids — When^alcohol and water are mixed 
tpgcther„it_is -seen that jone liquid alone results, and it 
would be obviously equally correct to call this a solution 
of alcohol m water or a solution of water in alcohol 
Glycerine and water form a similar couple, they always 
form a single liquid no matter m what proportion they are 

, ^/"Ordinary methylated sp’rit v ill not do, as it forms a mil l mess with 
-''vater If pare spine; of vice cannot be obtained, vhi4y or brandy 
v.ill do J 
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added together We may say they a re m utually soluble, 
or d issolve on e. another, ,in all_ proportions Such liquids 
are said to be miscible or to mix with one another 

Liquids soluble but not miscible — In the case of ether 
and water, however, a different effect is obtained The 
water and ether do not form a single, or homogeneous, 
layer, but separate into two distinct layers Of these it 
might be at first thought that the lower was pure water and 
the upper pure ether It is seen, however, that the lower 
layer contains ether dissolved m the water, and it may also 
be proved that the upper layer, consisting chiefly of ether, 
contains also dissolved water This may be done by adding 
white anhydrous “ blue vitriol,” w'hich becomes blue when 
any water is added to it These tw r o liquids are, hence, 
mutually soluble, but not in all proportions They do not 
mix with one another A liquid may, hence, be soluble in 
water, or other liquid, without being able to mix with it It 
is evident that a liquid cannot mix with water without 
being soluble, for miscibility is the same thing as solubility 
m all proportions .A soluti on _uf a liquid in water, .or its 
mixture with water, is frequently spoken of as the. liquid 
diluted., thus, a mixture of alcohol and water is termed 
dilute alcohol, etc 

Liquids insoluble m one another — If, however, oil, 
water, and mercury are shaken up together, and then left 
to stand for a time, they will be found to separate from 
one another and lie in different layers — the mercury at 
the bottom, oil at the top, and water between the two 
(Fig 17), each of these layers containing none of either 
of the others , the w'ater containing no oil or mercury, etc 
Here, then, w r e have examples of liquids w'hich do not 
dissolve in one another and do not mix Oil and water will 
not mix nor dissolve in one another, quicksilver and water 
will not mix nor dissolve in one another, and so on 
- Some gases, dissolve m liquids —When a bottle of soda- 
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water is opened bubbles of gas nse out of it T1 
evidently been dissoh ed in the 
liquid This is onl> one of 
man) instances of gases which 
will dissolve in liquids There 
is a large amount of this gas dis- 
soh ed in soda-water 
* Importance _of air dissolved in 
water — Ram m failing through 
the air dissoh es some of it m 
its passage to the earth 1 he air 
thus dissoh ed in the water series 
an important purpose Both 
animals and plants must have 1 ‘« ni 
air to breathe. As is well known, 
some animals and plants live in water, and thes‘ * 
upon the air which is dissolved m the water W1 ■ , 
is boiled, the dissoh ed air which it contains is dm < < 
it by the heat 

22. INDESTRUCTIBILITY OP MATTER DTJRI] 
SOLUTION 

v i Ho change of weight hy solution— (a) Put some we 
in a flask, and some salt on a piece of paper Countei 
flask of water and the paper of .salt together, and tbei « 
the salt m the water The total weight remains unaltc ■ 
*"(£) Pmd the weight of a flask of vatcr Now weig 1 
lumps of loaf sugar, and put this known weight of suga 
water Wien the sugar has all dissoh ed, v cigh again 
that the flask and solution of sugar together have ,> 
equal to those of the flask of water and sugar added to < . 

(c) Weigh out a quantity of salt m an evaporating b 
add water untikall as dissolved “"ireargently'bymea 
steam rising from boiling water as shown m Pig l8 N, 
a white solid remains, and v hen perfectly dry agar 
Observe that the weight is equal to the original weig 
basin and salt Taste the solid and observe it is ur 
salt. 

No loss of material during solution — When a si ■> 
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simply dissolves in a liquid, and so disappears from sight, it 
almost seems as if it is lost altogether But this is not the 
case 1 here is no loss whatever In 
each of the experiments performed 
it was found that the weight of th e 
solution was exactly _equal _to_ the 
w eight of the solvent - and -the w eight 
of the dissolved solid It is very 
important to remember that there is 
no change of weight when a sub- 
stance dissolves in water Though 
sugar, for example, when dissolved 
in tea or water, disappears from sight, 
it is still in the tea or water as sugar, and it can be obtained 
from the water by proper means The same fact is true of 
salt and other soluble solids 



23 SATURATED SOLUTIONS 

i Formation of saturated solution. — Procure a supply of alum 
(or nitre) and powder it Put some of the powered solid into a 
flash and add water Shake them up together for some time, 
and if all the powder dissohes add more and shake again 
Continue this addition of the powder and the shaking until 
some powder remains undissolved, howe\er much it is shaken 
A cold satuiated solution, that is, a solution containing as much 
of the solid as it will hold, is piocured 

Now warm the cold saturated solution The powder which 
before remained at the bottom of the flask dissohes Continue 
to add more alum, or nitre, and notice that a great deal must 
be added before jou obtain a hoi saturated solution 

n Formation of crystals — Place the hot saturated solution on 
one side to cool As cooling proceeds, some of the alum, or 
nitre, separates out in clear, well formed crystals, because as the 
solution cools it cannot dissolve so much alum as before 

If time permit, make saturated solutions, at the laboratory 
temperature, of salt, washing-soda, borax, and lime <j / v td/t 
in Relative solubilities — F ind the w eight of a small evaporating 
basin Into it, by means of a pipette, put 10 cubic centimetres of 
the saturated solution of alum or nitie previously made Place 
the basin upon a sand bath and gentl) heat the liquid, which will 
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graduallx disappear, leaving the solid behind in the basin If 
the liquid ‘spits’ when almost dr>, use the method emplo\cd tn 
Evpt 22, (c) When the residue is quite dr\, allow the basin 
to cool, and weigh it again The increase in weight gives the 
amount of alum or nitre dissolved m 10 cubic centimetres of the 
saturated solution 

Find out, in the same wa>, the amount of solid in 10 cubic 
centimetres of each saturated solution prepared 

^Saturated solutions — When an) gi\en amount of water 
has dissohed as much of a solid as it can be made to, and 
remains unchanged m contact with the solid, it is said to be 
saturated Hut though cold water, for instance, may be 
saturated with any particular solid, such as sugar, it can, if 
warmed, be made to dissohe more sugar 'I bough there 
are some exceptions, it max be regarded as the general rule 
that water and other liquids will dissohe more of a solid 
when they are warm than when they are cold In most 
cases the amount of solid which will dissohe goes on 
increasing as the temperature of the water is increased In 
general, therefore, the cooler the water the less of a solid 
xvill it dissohe Now suppose warm water is given as much 
sugar, salt, alum, or any substance of this kind as it will 
hold, and is then cooled, what happens p It has to gixe up 
some of the substance, for it cannot hold as much as when 
it was xxarm When tea has been made very sweet, some of 
the sugar is left on the bottom of the cup as the tea cools 
This is because, though the tea was able to dissolve a certain 
amount of sugar when hot, it could not hold so much when 
cold, and therefore a little of it was deposited upon the 
bottom of the cup 

24. MEASUREMENT OP SOLUBILITY 

1 Determination of solubility — (a) In a large flask place a 
considerable quantity of nitre and water, and, having placed a 
thermometer in the flask, warm until it reaches a temperature of 
say 70° Endeavour to keep the temperature constant at about 
this value for a considerable time, shaking and stirring the flask 
well throughout If all the nitre dissolves, more must be added 
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and the flask kept at a constant temperature with constant 
stining or shaking foi at least 1 5 minutes after the last addition 
Allow the solid to settle, and, by means of a pipette which has 
been just heated to 100° by boiling water, 1 draw off 10 01 25 c c 
of the liquid and transfer it to a weighed evaporating basin If 
this is done quickly no solid will separate out and remain in the 
pipette Weigh the evaporating basin with the solution 

Repeat with different evaporating basins, each previously 
weighed, at temperatures of about 60°, 50°, 40°, 30 , and 20° 
respectively, allowing the solution to cool to about the desired 
value, at which it should be kept approximately constant by 
means of a small flame. 



If ice is available, cool a small beaker of the solution by 
immersing it ma basin of ice until the temperature is about i°, 
and then, as before, transfer 10 or 25 c c to a weighed evapo- 
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without, ho\ve\ er, any spitting of the solid, which, as you will 
have found in E\pt 23, 111 , is liable to occur 

In this way evaporate 10 c c of each of the solutions pre- 
pared and again weigh the evaporating basins From your 
results determine, for each temperature, the solubility of the 
nitre m grams dissolved per litre of water Record your 
results thus 

Temperature = 60° c 

Weight of evaporating basin and solid from 

io.c c of solution =43 62 gms 
Weight of evaporating basin = 36 67 gms 


Weight of solid dissolved in 10 c c of solution = 6 95 gms 


10 c c contained 6 95 gms dissolved nitie 
1000 c c contained 695 gms dissolved nitre 
Solubility at 60°, - 695 gms per litre 

Calculate also the solubility m grams, pei 100 grams of water 
as below 

Temperature, 40 5 0 c 

Weight of evaporating basin and solution, - 42 71 gms 
Weight of „ „ „ solid, - - 35 4 1 gms 


Weight of water, 

Weight of evaporating basin and solid, 
Weight of evaporating basin, - 

Weight of solid, 


- 7 30 gms 

- 35 4 » gms 

- 30 96 gms 

- 4 45 gms 


Quantity dissolved by 7 3 gms of water = 4 45 gms 

445 

» » „ 1°° » „ gms 

=61 gms 

Solubility at 40 5 0 is 61 grams pei 100 grams water 

(b) Repeat your experiments, using other solids, such as salt, 
washing-soda, etc , and thus obtain the solubility for each in 
grams per litre, and in grams per 100 grams of water, at various 
temperatures 

II Comparison of solubility curves — Construct in the manner 
shown on p 45, on the same piece of squared paper, the solu- 
bility curves, in grams per litre, foi salt and for nitre, and 
compare their appearance 

III Constiuct a similar curve to represent the solubility in 
grams per 100 grams of water foi the two substances 
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Effect of temperature on solubility — It -mil be clear 
from \our experiments that not onl} does the temperature of 
the water affect the solubility, but that it affects different 
substances to a considerably different extent Thus, where- 
as in the case of the nitre the quantity dissolved increased 
greatl) as the temperature is raised, >et in the case of com- 
mon salt the quantity dissolved in the cold water is almost 
as great as that dissohed <n the hot water In the first 
case the solubility increases considerably with the temper 
ature , m the second case the solubility varies but slightly 
with temperature As a general rule it ma> be stated that 
'solids are more soluble in hot than m cold water, or that the 
solubility of solids increases with the nse of temperature. 
There are two common methods of expressing the solubility 
of a solid 

(1) By stating the weight in grams dissohed m i litre 
of the solution 

(2) By stating the weight dissohed b) 100 grams of 
pure water 

Graphic representation of solubilities — Solubility curves 
— The solubility’ of substances at different temperatures 
ma\ be readilj and convenient!} shown in a graphic manner 
It has, for example, been found that one litre of nitre solu- 
tion contains 740 gms at 70°, etc Now, on squared paper 
we may rule two lines at right angles, such as OX, O F(Figs 
20 and 21), and we ma> mark temperatures along the line O Y 
letting each division indicate say 2 degrees So that, if the 
temperature o° be marked at O, then 10° is marked at the 
fifth line, 20° at the tenth, etc. Along thexertical line, OX, 
we mark the weight of nitre contained m each litre of solu- 
tion, allowing each division to represent sa} 20 gms Then, 
if at 10°, the weight dissolved in 1 litre of solution is 150 
gms , we mark the point (a) which represents the temperature 
10° (being 5 divisions from the left hand line OX), and also 
represents 150 gms , being 7 5 divisions above OY 
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In a similar manner, we find the position of the other 
points on the solubility curve, and the complete curve can 
then be constructed by drawing a continuous line to pass 
through these points 
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Fig ao — Solubility curves of common salt and nitre 

Solubility curves of nitre and salt — After having drawn 
the curves for nitre and salt, as described in Expt 24, 11 , you 
will notice a great difference between these two curves 
Whereas m the case of nitre the curve rises rapidly, m that 
of the salt it rises but slowly That is, m the case of nitre 
the solubility increases rapidly with the temperature, in the 
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case of salt it increases but slightly Nitre is much more 
soluble m hot water than m cold Salt only slightly more 
so 


X 



Fig 21 — Solubihtj cur\es of common salt and nitre- 


25 CRYSTALLISATION 

, Production of crystals. — (a) Make a saturated solution of soda 
at the ordinary temperature of the laboratory and place it 
aside m an evaporating basin, so that the water slowly 
evaporates Examine after a few days and note the crystals 
formed 

(6) Evaporate a solution of soda by means of a Bunsen burner, 
and observe that a white powder is formed and no crystals are 
evident to the eye 

'/(c) Make a warm saturated solution of soda, or alum, m a 
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flask an d_ place jt aside so that it may slowly c ool Ob serve 
after a day has.elapsed that fine large crystals are.present 
' \d) Make a similar saturated solution, and having poured, some 
into an evaporating basin, float the latter on cold wntci in a 
trough so that it shall cool more rapidly Observe that the 
crystals formed are much smaller than in (r) 

^ (c) Melt some powde red sulphur in an iron. spoon or cup, and 
then allow it to cool slowly When a solid crust has been 
formed over the top, make two or three holes in it, and pour oft 
the remaining liquid sulphur When the sulphur is cool, 
examine the inside of the spoon or cup, and notice the fine 
needledike crystals of sulphur 

(/) Having melted some sulphur as abo\e, pour it when 
melted into some cold watei Examine the product formed, and 
observe it has still a crystalline appearance , the crystals are so 
small that individual crystals cannot be distinguished 

The formation of crystals — During the examination of 
saturated solutions it is found that w’hen a solid separates 
out from its saturated solution it frequently does so in the 
crystalline form Many crystals have been examined, and 
it has been found that m many cases the crystals contain 
water, called water of crystallisation In other cases, how- 
ever, the crystals are anhydrous containing no water, eg 
salt A solid may be made to separate from the saturated 
solution in two ways (i) by the evaporation of the water, 
(2) by cooling the solution In both cases the process may 
be effected quickly or slowly, thus the water may be allowed 
to evaporate slowly into the air without the application of 
heat, or the evaporation may be hastened by heating It is 
found that the crystals formed in the first case are much 
larger than those obtained m the second case This is also 
true when the crystals are formed by cooling a saturated 
solution If the cooling is rapid the crystals formed are 
small , when the cooling is slow, however, fine large crystals 
may be obtained Crystals are also produced without the 
intervention of a solvent. When a substance changes from the 
liquid state to the solid it frequently forms crystals In this 
case also the crystals are larger and more clearly defined 
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when the solidification proceeds slowly than when it proceeds 
rapidly Sulphur, for example, when it slowly solidifies forms 
fine, glassy crystals Many of the crystals m rocks have 
probably been thus produced 


26 EVAPORATION 

i Evaporation of water — Put a small quantity of water in an 
evaporating basin and leave it undisturbed on a shelf of the 
laboratory Examine after a few days, and notice that the water 
has disappeared and that the basin is dry The water is said to 
have evaporated 

li Evaporation assisted by heat — Put some water in an eva 
poratmg basin over a water bath as described in Expt 24, 1 , 
01, over a beaker of boiling water as in 22 (e) Heat by a 
Bunsen burner so that the water in the u atei bath, --or beaker, is 
kept gently boiling Observe that although there is no bubbling, 

' or boiling, of the water m the evaporating basin, yet it gradually 
disappears or evaporates , and in a short time, perhaps an hour, 
the basin is perfectly dry 

111 Evaporation and boiling — Examine carefully the water 
boiling m a beaker or in a flask, and observe that, when boiling 
begins, bubbles of steam are formed everywhere throughout the * 
liquid, and that the bubbles rise and burst at the top 

iv Cooling produced by evaporation. — (a) Sprinkle a few drops of 
(1) spirits of wine, (2) carbon bisulphide, (3) ether on your hand 
in succession Notice that the liquid soon disappears, and its 
presence in the air can be detected by its smell The rate at 
which the liquid evaporates is increased by waving the hand 
about, or by directing on to it the stream of air from a bellows 
(b) Place some ether m a small beaker and cause it to 
evaporate rapidly by blowing a current of air through it 
Observe the great fall in temperature. Place in the beaker a 
small test-tube containing a little water, and observe that 
the water becomes frozen 

Evaporation — If a saucer of water is left for a few days, 
the water will disappear, or, as is generally said, dry up 
The water can be made to disappear more quickly by gently 
heating it When a solution containing salt, or sugar, is made 
to drj' up in this way, the salt, or sugar, does not disappear, 
but remains in the saucer The name given to this process 
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ot turning a liquid intb a \apour is evaporation The solid 
left behind is spoken of as a residue 

Everyday examples of evaporation —In summer it is 
not lopg before a road becomes dr)' again after having been 
veil watered b> a water-cart \\ et clothes hung upon a line 
and exposed to the sun and air soon become quite dr)' It 
is a common practice to expose shallow xessels of water m 
rooms which are warmed during winter b) coke- or gas- 
stoves From time to time such vessels hate to be refilled, 
for the water quickly disappears and spreads, m an invisible 
form, throughout the air m the room Nearl) cterybody has 
obserxed the same process taking place when sitting still 
after some tiolent exertion The perspiration, which after 
such exercise stands m drops over the face and body, soon 
disappears by passing into the air as tapour, and leates the 
skin dr) The cooling of the skin of the body which is also 
noticed at the same time will ha\e to be explained a little 
later 

Bate of evaporation — It has been seen that evaporation 
is increased by means of a current of air, and this is a fact 
of general knowledge Clothes, for example, hung out to 
dr), do so more rapidly during a slight brce7e , whilst a 
common method of drying glass articles, such as flasks, in a 
laboratory is to warm them and then to blow a current of 
air through them by means of bellows The reason for this 
is that water, or other liquid, will not evaporate indefinitely 
into a closed space of air , thus, if some water is placed in a 
closed flask, a little will evaporate, but not all This is 
because after a certain amount has evaporated the air be- 
comes saturated with the water vapour, just as water becomes 
saturated with salt which is dissolved in it Thus, for a 
solution of salt, or nitre, for every temperature a certain 
concentration of salt can be reached at which the solution 
is saturated, and no more salt can pass into the solution, 
the concentration requiredTor ^saturation jncrcasing as the 

J c d ----- 
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tem perature ri ses It is very much the same with the water 
vapour and the air When the concentration of the water 
vapour in the air has reached a certain amount the air is 
saturated, and no more water vapour can pass into it , this 
concentration also increases with rise of temperature 

Now, although w r ater exposed to the atmosphere in a 
saucer, etc , is not m a closed space and would be insufficient 
to saturate the whole atmosphere, yet, if the air is still and 
undisturbed, the air near the water may get saturated, and 
it is only slowly replaced by unsaturated air In a cu rrent 
of air, however, the air saturated with moisture_js_being 
continually repla ced 1 iy_t h e_ u n s a t u ra t e dai r,a n d h ence the 
water evaporates much more rapidly 

v'Coolmg during evaporation — You have already observed 
that a considerable amount of heat has to be given to a 
liquid before it can be converted into vapour This amount 
of heat is termed the latent heat of vaporisation, and you 
have measured it in your physical work This absorption of 
heat is true whether the liquid boils, or whether it merely 
' evaporates more or less slowly When a liquid boils the 
necessary heat is supplied b} the laboratory burner or other 
source of heat But when liquid left in a saucer, or put on 
the hands, evapoiates without an external source of heat 
being employed, it has to obtain the necessary quantity of 
heat from the remaining bulk of the liquid, and from the 
objects with which it is m contact If the evaporation is 
very slow the heat is only abstracted slowly, and the objects, 
or liquid, in contact with warmer air, are able to take heat 
from the air, so that their temperature does not fall to a 
marked extent When the evaporation, however, is rapid, 
then the heat abstracted from the liquid, for the evaporation, 
cannot be sufficiently rapidly compensated by gam from the 
air, etc , and the temperature falls very considerably 

Differences between quiet evaporation and boiling — It 
is very instructive to watch some vigorously boiling water 
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in a flask or beaker, and to compare it with the evapora- 
tion of a Solution m an evaporating basin, where only a 
small flame, or no flame at all, is used I n the ca se._pfJ.hc 
solution hieing gently evaporated all the vapour is formed at 
the_ surf act of the liquid, and the piocess goes on quietly 
until no liquid is left in the basin 

In the case of vigorously boiling water, bubbles of \apom 
are formed ci'crvtvhcrt throughout the mass of the liquid The 
bubbles can be seen at the bottom and the sides, and they 
rise from every point to the surface, each, as it escapes there, 
making a little noise The sounds of_the bursting bubbles 
added together make up the “ surging ” or “ rattling which 
is heard when water is briskly boiling m a flask or other vessel 


27 CONDENSATION AND DISTILLATION. 

i Condensation of water vapour from the air - (a) Put some 
pieces of ice into a test-tube, or other glass vessel, winch is 
clean and dr> on the outside In a verv few minutes the outer 
surface of the vessel will become covered with moisture, owing to 
the condensation of water vapour from the air 

(J>) I fyou cannot procure ice, put a little ether in a test-tube and 
make it evaporate quickly by blowing vigorous!) down a narrow 
tube through the ether As the air is cooled by the evaporation 
of the ether, the motsluie in the air is given up and deposited on 
the outside of the test tube m the form of minute drops , in other 
words, the water vapour in the air is condensed 

Ax x_ Distillation pfjwater— Obtain a glass letort and put in some 
ordinary tap water coloured with ink", m which'somc sand has 
been placed, and put it on a sand-bath, "or piece of non gau/c , 
attach to the retort a condenser as” shown in Fig 22, and care- 
fully notice the construction of this condenser Observe that it 
consists of an inner tube through which the vapour passes, 
surrounded by an outer tube through which cold water flows, 
passing m at the lower end and out at the upper end Let the 
end of the condenser tube 'dip into a flask By means of a 
Bunsen burner, boil the water in the retort and keep the con- 
densei cool by the stream of cold water Notice that the steam 
which" pass es ov er into the flask is condensed again into water, 
which is quite clear and tasteless, both dissolved and suspended 
matter remaining in the retort 
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Condensation — By heating, a liquid is changed into 
vapour This change may take place slowly and gently, as 
in evaporation , or quickly and vigorously, as in boiling 
But by whichever process vapour is obtained, it can, by the 



reverse plan of cooling it, be reconverted into liquid This 
change, from the state of vapour back again to the condition 
of liquid, is called cotidensation , the vapour is condensed to 
a liquid -Thus, a cold plate, held close to the spout of a 
kettle from which steam is coming, will cool the steam, con- 
densing it into water, which will be seen trickling down the 
plate 

Most people have noticed the condensation of vapour 
taking place at some time or other on a cold day For 
instance, if the doors and windows of a room are kept tightly 
closed, and there is a good fire burning, the inside of the 
window panes soon becomes covered with moisture, which, 
forming drops, trickles down the glass and collects on the 
window' frame as liquid water The water must evidently 
come from the air in the room 

The air outside a room is, in wanter, much colder than 
that inside This cools the glass of the window's very much, 
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and consequently the air next to the cold surface itself be- 
comes cooled, and then cannot hold so much vapour as 
when it is warm, and some of the vapour which can no 
longer be held by the air is changed into water So that 
condensation is caused when air containing water vapour is 
cooled 

Distillation — The change of liquids into vapours by 
heating them, and the condensation of the vapour into 
liquid by cooling it, is employed in an important process 
called distillation This plan is frequently made use of for 
purifying water and other liquids Perhaps the most useful 
application of distillation is to obtain fresh water for drinking 
purposes from sea-water, or other water not fit to drink 
Large ships, carrying as they often do more than a thousand 
people, cannot take enough fresh water on boaid for the 
needs, throughout a long voyage, of so many persons In- 
stead of attempting this difficult task, it is the custom to 
change sea-water into fresh water by distillation , as the 
water boils it is converted into steam, and this steam is con- 
densed again into water m the cooled flask If some ink 
and salt w r ere first added to w'ater in a retort, they would be 
left behind on distilling, and the water found in the flask 
would neither taste of the salt nor be coloured by the ink , 
it would be purified from these by distillation Water can, 
by distilling in this manner, be purified from very many 
impurities, such as dissolved solid matter, the condensed 
vapour being pure water 

Distilling apparatus —A form of stil l used for obtaining 
large quantities of distilled w'ater is showm in Fig 23 In 
principle it is essentially similar to the retort and condenser 
employed in Expt 27, 11 The water is boiled in a 
large copper vessel B, and the vapour passes from this vessel 
through a spiral tube JD, which is kept cold by a stream of 
cold water The condensed water drops from the end into 
a vessel placed to receive it 
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1 o obtain absolutely pure water, however, is a matter of 
considerable difficulty, since, although dissolved solids are 
got rid of, yet volatile substances which will evaporate away / 
with the water and condense with it may still be present, as 



Fig 53 —Still for distillation of water 


may also dissolved gases and substances dissolved from the 
walls of the retort or condenser, since few substances are 
absolutely insoluble in water However, absolutely pure 
water is very seldom required by the chemist or anyone else, 
and for almost all purposes the ordinary distilled water is as 
pure as is required 

x QUESTIONS ON CHAP III 

1 Whit do you mean by a soluble thing? Gnc examples 

2 Explain how vou would proceed to make a solution of table salt 

3 How would you obtain clear water from muddy water 7 

4 What do you mean by substances being held in suspension in 
w ater ? 

5 What kind of impurities cannot be got rid of by filtration ? 

6 Explain the terms — soluble, insoluble, filtration, and 1 held in 
suspension ’ 

7 What is really meant when we say two liquids will not mix 7 

8 Give instances of (i) liquids which mix, (2) liquids which do 
not mix 

9 Will gases dissolve in water? Gn e reasons for y our answ er 

10 What would you notice if you were to shake (1) some ink and 
water together, (2) some oil and water? 
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11 I low would sou prose tint there is no loss of mutter dm 
solution? 

12 Hoss ssould sou obtain salt from a solution of salt in wafer? 
t lj. What do sou I noss about evaporation? 

14 Dcscnl>c ‘ome practical applications of the processes of solu 
and esaporation 

15 What 1-, a saturated solution? Describe boss to make one 

16 Which ssill dissolve more sugar, warm or cold water? Vs hat is 
the general rule nliout the effect of an increase of temperature on the 
dissolving power of water? 

17 \\ Int do sou know about water as a solvent? 

ii> Describe fulls win* happens if )ou gradtiall) cool a hot saturated 
solution of alum 

19 Hoss would }ou proceed to show tint (a) Itam water is free 
from dissolved solids (/') Sea water contains ser) much dissolved 
matter 

20 ^ ship which floats up to a certain mark in riser water is found to 
float more out of water when at sea IIow can sou account for this? 

21 Spring -md riser waters aie not pure Describe carcfull) how jou 
would prose this, and sas how )ou ssould estimate the quantils of 
dissols ed matter m a gallon of each 

22 Distinguish Ixtwcen soluble and insoluble substances Winch of 
the following are soluble in water? Sand, sugar, table salt, camphor, 
sealing was, baking po\ der, and coal 

23 Some solids v Inch do not dissolve m water arc soluble m other 
liquids Give all (he instances of this with winch jou are acquainted 

24 "What cliss of impunttes can be removed from water In filtering? 
Explain clearls how sou ssould proceed to get clear water from mudds 
water 

25 Descnlic fulls how pure water can be obtained from sea water 

26 Do gases dissolve in water? If }ou think tbej do, name two or 
three soluble gases. 

27 How is it that clothes placed on a line to dr) are read) to he 
taken in sooner on *ome days than others? What sort of da) docs the 
laundress consider a good dr) mg da> ? 

28 In both quiet evaporation and boding, a liquid isconseited into 
vapour Wliat differences are there between the tsso processes > 

29 What is meant by condensation? Name two or thicc familiar 
instances of the condensation of w iter vapour 

30 A mixture of salt and powdered glass is given to )ou How 
could ) ou {a) obtain separate!) the t w o constit icnls, (£) find the quantit) of 
each in the mixture 5 Could sou separate sugar from salt in the shine wit) 

31 What do ) ou mean bs a saturated solution? IIow would )ou 

prepare a saturated solution at a given temperature? What is generalls 
the effect of cooling a saturated solution ? ’ 

32 A white powder is shaken up with water IIow would )ou 
ascertain whether an) of it dissolves? 

33 W'hat is meant b) the statement tint tsso liquids mix Give 

examples Can a liquid be soluble in another liquid without being 
capable of mixing? If so, give an example b 
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34 How miy fresh water suitable for drinking be obtained from 
sea water? 

35 How would you endeavour to obtain large crystals of alum ? 

36 Describe an experiment to show the solubility of ether in water 

37 Sand and salt are stirred up in a bottle containing water in which 
some gas is dissolved What methods would you use to reco\er the 
sand, salt, and gas from the water? 

38 Give examples of the solvent power of water How could 
you determine whether a sample of water contained dissolved solid 
matter? 

39 Descnbe how to make soda crystals from powdered carbonate of 
soda 

40 If you were given some powdered alum, explain how you would 
proceed to make a crystal of alum 

41 Descnbe the method you would adopt in order to determine the 
influence of temperature on the solubility of a substance 

42 Does the solubility of all substances vary equally for the same 
change of temperature? State the expenmcntal evidence on which you 
base your answer 

43 From the following table plot a solubility curve, and use it to 
determine the weight of substance contained in 100 grammes of solution 
saturated at 6o° C 


Weight of substance 






dissolved in 100 





Temperature 

grammes of water 






2 8 grammes, 





o°C 

4 7 » 



- 


10° C 

7 9 





20° C 

14 5 .. 




- 

35 “ C 

24 .» 





48° C 

58 





70° C 

96 





86“ C 

201 5 

* 




too° C 


/ 

/ 
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ACTION or HEAT ON METALS 
28 RUSTS 

i Examination of rusts — (tt) Prepaie some rust of each of the 
metals examined in Chap n , and carefully examine the rusts 
according to the scheme in Chap n Note that the rusts differ 
in colour, but resemble one another m the following points 
They are insoluble _m -water The y are not altered byjieating, 
except to this extent, that the rusts of zinc and tin turn yellow 
when hot, returning to the white state w-hen cold , whilst the 
rust of lead melts and darkens m colour, but reverts to its 
original form when cold Compare these properties with those 
of the original metals 

(<!>) Tabulate the properties of these rusts thus 


Rust of 

Colour 

Action of wTter 

Action of bent 

Copper, 

Iron, 

Lead, - 
Zinc, 

Tin, 

Magnesium, 

Black 

Reddish brown 
Yellow 
White 

11 

>1 

None 

9 9 

99 

9 1 

99 

99 

None 

99 

Melts and darkens 
Becomes } ellow 

51 

None 


It has been already noticed that a number of the metals 
which have been examined undergo certain changes when 
heated For example, copper, lead, iron, zinc, tin, mag- 
nesium, have all been found to lose their bright, metallic 
lustre when heated and to become coated with a tarnish 
which exists only on the surface, for if the tarnish is scraped 
off the bright metal is again seen below' In the case of 
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magnesium, the metal, if heated sufficiently burns 
forming a white ash The tarnish which forms on iron is 
termed non utsf, and we may also similarly call the tarnish 
in other cases rust , thus, we may speak of the rust of copper, 
rust of tin, etc 

29 CHANGES OF WEIGHT DURING BUSTING 

It is nosv necessarj to examine further the general case 
of rusting 

1 Iron in rusting gains in weight — Weigh carefully a watch 

? ;lass w ith some iron filings or tacks , add a few drops of w ater 
because iron rusts best in the damp) and allow it to stand At 
the end of a few dais warm gentl) to drive off the water, and 
when quite dry again weigh, and note carefullj the weight Has 
the iron gained or lost in weight? 

n Copper m rusting gains in weight.— Weigh carefully a 
crucible containing some piece of thin, bright copper foil Place 
it m a furnace for some houis until the copper has been well 
covered with its black rust Allow it to cool and again weigh 
Compare with the previous weight, and notice that, like iron, 
copper gains in weight by rusting 

m Density of iron rust ^^Determine the density of jome iron 
and of some lion rust, using a density bottle, such as jou have 
used for_tlie determination_of the densit) of powders_or small 
objects Compare the values 

The nature of rusting — In order to determine the nature 
of the change w hich occurs during the rusting of the metal, 
the first question to be considered is, what takes place 
during the rusting ? Does the metal, for example, lose or 
give up anything? Or, on the contrary does it gain any- 
thing? To answer these questions it is onl) necessary to 
weigh carefull) a watch glass with some iron filings or 
tacks, and allow the iron to rust in the air, which w ill take a 
few da)s, on warming the rusty filings until quite dry and 
weighing again, it will be found, if care has been taken, that 
the iron has increased in weight, and the experiment has 
furnished the necessary answer, so that we may write 
Jron gains in weight during i listing 
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SimP'Hj copper when heated so ns to form its black rust 
atso found to gun in weight, so that the rust is heavier 
than trie original copper 

Coffer qa:r s n, r C:'i^lJ duri’X rustwf 
It 1= not so easv direeth to determine quantitative!} 
vi he’ her the other metals have gained in weight, but the 
cvpcdments can be performed arm analogous results are 
found It maj in fact be stated as ? general lav, that 
Meiah gain w luxht during ntsfirx 

For further investigation, the rusting of iron, which 
proceeds without the application of heat, v ill ‘-ene as a con- 
venient example "I he nisi has alratdv been oamtned 
and compared with iron Inasmuch as it has been found 
that the rust has a greater .vagnt than the iron it is inter 
esting to find whether the increase m v eight t*> accompanied 
b, an increase in density 

C/'penment shovs that although the iron increases in 
veignt dunng nisting vet its density decreases, the density 
of rust being less than that of metallic iron It is clear, 
therefore, tha’ the volume niu e t incre-ase dunng the rusting 

30 CONDITIONS OF BUSTING 

i Mo.storc necessary for raring — T it c two evaporating basins 
containing Iron fihrgs , to, one add a_fcw drops of vatcr, but 
leave the ojier quite dry AHov„bo’h to ^remain mjhe.air 
for about a vccl- ind jhcn.examine_botb_ba < ;ins ...Observe that 
die iron in the basin -to -which v a ter .was added has rusted 
to a much greater otent than that mjhcdryjns'n 

ii Atr_ necessary for .rusting- Talc t vo"tcst-tubes and put 
some v ater jn cadi^so that the; tre about half full Into one 
put some iron filings, but before placing the iron filings in the 
second boil the ” Ter for a couple of minutes, so tint all the 
air vhich maj be contained cnssoh’ca in die vater shall be 
expelled Hicn place in the iron filings, boi! for a Yev seconds 
longer, and then put above the vater a little vaseline which, you 
nil observe, immediatelv melts and forms a Inver v Inch v ill 
p-event any air bc r ng aftcrv ards dissolved After some days 
again examine tne e e tvo tubes, and note whether the iron 
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hasjnisted (i)jn the .tube containing water -with dissolved air, 
(2) m the tube containing water quite free from dissolved air 

Necessity of moisture and air for rusting — When iron is 
moistened and exposed to the air it rusts and at the same 
time gains in weight It is important to find whether the 
moisture and the air are both necessary, and if not, to which 
the rusting is due. For this purpose dry and moist iron are 
exposed to air, and the result clearly shows that the 
moistened iron rusts far more readily than that left dry, and 
the experiment indicates the necessity for moisture if rust is 
to form In order to see whether water alone is sufficient, 
another expenmentis performed, whereby iron is first left m 
water containing air, and, secondh, in water free from air 
It is found that although m the former case a copious layer 
of rust forms over the iron, yet in the latter case, the iron, 
e\ en after the expiration of a few days, is still completely 
unrusted This fact shows clearly that air as well as 
moisture is necessary, and that without air, even in the 
presence of plenty' of water, no rusting occurs 


SI EFFECT OF BUSTING ON THE SURROUNDING 

AIR 

, 1 Iron In rusting abstracts a portion of the air— (Vi) Place some 
.iron filings in a nus luTEa g and tie the bag t o a pie ce' oTglass 
rod Moisten well~(better dip it in a solution of laT-am moni ac) 
and place it in a ~bo t tl e ~ ofjur inv ertefj. hVer -waterJ(Fj g .,24) 
Examine after, a few.Rays It wall be seen that the water has 
risen m the glass, showing that some part of the atmosphere has 
been abstracted by the iron in rusting 

(b) Tightlv place your hand, or a card, under the mouth of the 
jar so as to allow no water to escape, set the jar' upright and 
place a burning taper into it Place also into the jar some 
burning sulphur or phosphorus, the substances being placed m a 
deflagrating spoon (Fig 41) Note what happens, but do not 
throw aidci) the water 

11 Volume of the part of the air abstracted. — Next measure m a 
graduated vessel the quantity of water in the bottle This is 
equal to the quantity of gas which has been used by the iron 
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Also measure the quantity of water the bottle holds This is 
the quantity of air it originally held (Fig 25) 

in Repetition and verification of previous results — Repeat the 
previous experiments, using bottles of different sires, and allow- 
ing the iron to remain for different lengths of time (but moie 
than three days) Use at least 5 bottles Compare the lesults 
carefully, and examine the iron left in the muslm bags 




Tic. 25 — Proportion of urabstracted 
during the rusting of iron in a closed 

r» r _ 


Portion of air abstracted during rusting — We have 
found that iron gains in weight when it rusts, and also that 
the presence of air and of moisture is a necessary condition 
for rusting It is clear that the iron takes up some sub 
stance from somewhere, since it gams m weight, and the 
question naturally arises, does this gam come from the water 
which was added, or from die atmosphere ? To decide this 
point, the rusting of the iron is allowed to take place in the 
apparatus shown m Fig 24 The iron filings are enclosed 
in a muslin bag, which is placed m a bottle of air inverted 
over water On examining after a few days, the water will be 
seen to have risen in the bottle, showing that some part of 
the atmosphere has been abstracted by the iron m rusting 
3tesidual_gas_3all_not support combustion —The gas f 
which is left in the bottle, moreover, will" not allow a lighted 
taper to burn in it, but immediately causes it to be ex- 
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tinguished In the similar manner, sulphur or phosphorus 
will not continue to burn, so that it is clear that the gas left 
in the bottle dtjfeis from air in the respect that it does not 
allow substances to burn m it 

If the volume of air left after iron has rusted in a closed 
space is compared with the original volume, it will be found 
that one fifth of the air in the bottle is abstracted by the iron 
in rusting 

One-fifth of the volume of aar_is abstracted — These 
results are of such fundamental importance that they should 
be completely verified If a class of twenty or more are work- 
ing together, the verification may be obtained by a comparison 
of the different results, if, however, a number of results are 
not available it is most necessary that the experiment should 
be repeated It will be found that, m all cases, onl y a bout 
one fifth of the air is abstracted , whilst, further, that a quantity 
of iron remains unrusted, so that when one fifth of the air has 
been taken b> the iron it cannot abstract anything more from 
the remaining four-fifths These experiments thus show 
that one-fifth of the air is different from the other four-fifths, 
and we must consider the air as made up of two portions, 
one of which is concerned in burning, while the other (the 
four-fifths) does not support burning, or combustion We 
may therefore state — 

j Iron m misting gains in weight, taking some mate? iat fi om 
'the air , and this material is the pat t of the an concerned in 
bin ntng 

If we call the part taken up by the iron the active part of 
the air, and the other part the inactive part, it is seen that 
the results further show that air contains So per cent inactive 
pait , which does not allow things to burn in it, so that the 
remaining 20 per cent must be the part concerned m 
burning, w mch w e ha\ e called the active part 
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32 INACTIVE AIR 

vi Trnn rinps not rust m _tb.e_ jnactive_air — Obtain a bottle of 
inactive air as m E\pt 31, 1 , and place in it anothei bag_of 
bright, moistened iron filings tied to' a 'glass, rod, as Lefoi e 
Allow these filings to remain for three or four davs and then 
examine the bottle Note, has the water risen further? have 
the iron filings rusted ? 



-Ii Copper does not rust on.tlie inactive air - — Allow some non to 
rust m a large jar or bottle of air as in Expf 3T, 1 'so 'Tlfaf 
a considerable quantity of the inactive air js, obtained -.After 
"some davs place some bright coppei turnings in a glass tube 
and connect, as shown in Fig 26, to the jar or bottle, which con- 
tains the inactive air left after the rusting of non I his bottle 
must be closed by a cork 1 tlnough which pass tw o tubes , one 
of these, the short one, is attached by india-rubber tubing to the 
tube of copper, while the long tube passes to the bottom of the 
bo ttle. and is attached to the water.. tap. When the water is 
turned oh, the inactive gas is forced out of the bottle.and fills' the 
tube of copper When it is considered that alLtiie air has been 
displaced and only the inactive air is present in the tube, the end 
of the tube is closed by a pinch-cock and the_tube heated 
Notice that the' copper retains its bright lustre and shows no 
trace of tarnishing Now disconnect from the bottle, open the' 

1 It is best to insert this cork, and hence close the bottle, while still 
inverted with its mouth below water and thereby avoid the possibility 
of any at) entering the bottle 
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pinch cock, and_slqpe the tube so^that qtt may pass along it, 
y oiTwill observ e that the copper immediately tarnishes 

Inactive air will not cause rusting — We know that 
substances will not burn in the inactive part of air, and it 
was found also that the iron employed for obtaining inactive 
air is only partially rusted Iron which has not been 
employed for rusting at all, and is perfectly bright, remains so 
in the inactive air Further, other metals, as copper, may 
be heated in the inactive air without any trace of rust or 
tarnish, although immediately the air reaches it, it at once 
becomes coated with the brightly coloured film seen when 
copper tarnishes The inactive part of the air therefore will 
support neither burning nor rusting 


33 EFFECT OF HEAT ON OTHER METALS 

■■1 Action between hot copper and air — Place a roll of copper gauze, 
or some copper., turnings, in a longjiard.glass tube provide d wi th 
a~borecf cork at each end Find the weight of the tube and-the 
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copper Connect^one.endl oL.the tube with an aspirator or a 

bottle fitted as m Fig 37C so that air can._be .made to pass 

through the tube Connect the other end of the hard glass 
tube with a tube passing under a jar standing inverted in a 
basin of water Heat 'the coppef to redness, and drive air over 
it, by letting water run slovvlv' into the corked bottle. Notice 
that the copper .turns black, owing to its combination with the 
active part of the air „Allovv\the tube to cool, and redetermine 
the"vveight_ of the tube and\ its contents The weight has 
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increased Lift the jar from the water and-insertaJighted. taper 

iniojt The taper is extingu ished, thus show ing that_the part 

of an lequired to sustain binning has been removed ~ 

Ti Gain of weight dunngheating of magnesium — Weigh a ci ucible 
and lid and piece of magnesium, 
which folded tightlv, is placed 
in the crucible Heat strongly 
in a burner, taking care to let no 
fumes escape (Fig 28) lodo 
this, keep on the lid, and only 
raise it a little when the flame 
is removed The magnesium Is 
seen to burn brightly in places , 
but, if care is taken, no fumes 
are lost Tow'ards the .end 
the crucible should be strongly 
heated, and when the experi- 
ment is finished, the whole mass 
should be in the form of a white 
powder Allow to cool, and 
w'eigh the crucible with the lid 
and powder Subtract tlfe weight of the crucible and lid to 
find the weight of the powdei It will almost certamh be found 
to have increased in weight, and, if the experiment is carefully 
done, it will be found that the weight of the magnesium has 
increased by about 66 5 per cent 

Part of the air can be removed by other heated metals 
— If air be passed over red hot copper, the copper changes 
in colour, and if the remaining part of the air is examined by 
plunging a burning taper into it, the flame is extinguished 
It has been found previously also that the copper gains in 
weight There is no difference between the condition of 
things in this case and in the rusting of iron, except that the 
copper must be strongly heated before it combines with the 
active part of air It does so then, however, and we have 
already seen that coppei is quite incapable of rusting in the 
inactive part 

Magnesium also gains m weight when heated, but in this 
case the magnesium actually burns and the phenomenon ' / 
appears at first to be different from rusting Still, as simi- 
larity exists in the respect that the white earthy powder, 

J c e 



1 ir eS — Gun of weight during 
heating of magnesium 
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formed by the heating, weighs more than the original metal, 
we are led to believe that in this case also the metal has 
united with the active part of the air It has previously 
been found that not only copper, but also zinc, tin, and lead 
formed a rust, so that we may state that inost_metals, either 
by the influence of heat or exposure to moist air, form a rust, 
and that the rusting is accompanied by a gam in weightdue 
to the abstraction of a portion of the air , this portion occupy- 
~mg~ about one-fifth of_the_ volume of the airj' 

"The, Busting of Zinc — In the case of zinc, when heated 
slightly it becomes coated with a rust, but when heated very 
strongly it. actually, burns, forming the same_rust (p 31) 
Thezinc therefore may be regarded as forming a link 
between a metal which rusts, as copper, and one which 
burns, such, as magnesium __This consideration leads further 
to the idea that there is no essential difference between burning 
and rusting Investigations suggested by this idea will be 
reserved for a later chapter 

34 EXAMINATION OF OTHER METALS 

I Preliminary experiments — Examine each metal according to 
the scheme in Chap II Also determine the density of each 
metal 

II Silver — (a) If possible, examine a sheet of thin silver leaf 
between two sheets of glass Observe that when very thm it 
transmits bluehght 

( 6 ) Place a silver spoon and an ordinary electro plated spoon 
upon a sand bath, as in Fig 29 Upon the end of each put the 
end of a wax vesta without any wax with it, or hold the head of 
a match at the end of each when they are hot Heat the sand- 
bath by placing a Bunsen burner under it The match on the 
silver spoon will take fire before that on the other spoon 

1 The student will do well to observe that this abstraction has only 
been proved (by himself) in a few cases, and the general statement is 
based here on the analogy of the phenomena. Should anything lead 
to doubt regarding the genera! statement, the metal in question should 
be further investigated 
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111 Mercury — (a) Satisfy yourself by trial that, (1) an iron key 
or lead floats on mercury, (2) meicury does not wet glass, (3) 
mercurj adheres to clean zinc or copper, forming what is 
called an ama lgam 

(b) Place some mercury in a crucible heated by a small Bun- 
sen flame, and leave it so heated for a few days At the end of 
this time note the appearance Scrape the surface and obsei ve 
the result 



Fig 29 — Thermal conductivitj of silicr 


iv Gold. — Examine some thin gold leaf Place a sheet between 
two pieces of glass, and obsene that when held up to sunlight 
green light passes through 

v Platinum. — Heat very stronglv some platinum wire in a blow- 
pipe flame, and observe that although it becomes white hot jl. 
does not fuse 

Sliver — Silver is a white metal about te n and a halftimes 
as heavy as water It do es nottar nish. when exposed to the 
air, even_\yhen_hea,ted ons equ entl y_jn uch used for 

c oinag e and. for ornamental purposes It_js, .however, _too 
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soft to be used b\ itself arid js .generally alloy edw ith copper 
British coins contain about seten and a half per cent of 
copper 

Siher cond ucts heat more readily than any other metal 
Jt is ven, malleable. When hammered into \ery thin leaves 
it is tran sparent_to gome constituents of white light Siher 
is_also_Aer)_ductile, and can be drawn out into wires of 
exceeding fineness 

Mercury — Mercun, or qmcksih er, is the only met al whi ch 
is liquid at ordinary temperatures Its a ppearance is familiar 
to ever} one from its frequent use m barometers. and ther- 
mometers It is the heauest .liquid known, being 13* times 
as hear) a ba ter \\ hen heated in air it_slowJy tamishesjf 
the temperature.as.not too ingh > _whilst if heated^ sufficient!}, 
itJboils,_the \apout condensing again to^ form the liquid It 
dissohes many metals, eg /inc and copper, forming allo}s 
known as amalgans 

Not only is it used in barometers and thermometers, but 
also jn the manufacture of looking-glasses and it is 
emplo}ed m the laboratory, instead of water, for the 
collection of gases which are soluble m water 

'Gold. — Gold is nearl} always found natne, that is, is 
found m nature m the pure state Everybody is familiar 
wnth its bnght vellow colour and with the circumstance that 
it_is_ unacted uporfby the air It is more than ninete en ti mes 
header than water Gold is too soft in the pure state to be 
used either for coinage or for jewellery, and is alway s alio} ed 
wnth copper This gnes rise to the employment of the 
term carat Pure gold is known as 24- carat gold The 
Bntish sorereign, which contains 22 parts of gold m 24 
parts of the coin is said to be made of 22 carat gold. 
Similarly 9 carat gold consists of 9 parts of gold in eieiy 24 
parts of the article made_of it. 

It is the most malleable and most ductile metal known 
Gold leaf has been made into sheets so thm that it would 
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take more than 200,000 of them together to make the thick 
ness of one inch Gold wire has been made so extremely 
thin that two miles of it would only weigh one gram . Thin 
gold leaf allowa green light to pass thiough it, so that when 
held up to the light it appears green 
v Platinum — Platinum is a rare metal, being about as expen- 
sne as gold It possesses a greyish \vhi te~ colour Tincl 
metallic lustre Its density is very high, about 215, it is 
in fact almost the heaviest substance known, being about 
twice as heavy as lead It does not rust nor tarnish, and is 
unaltered even when very strongly heated, and ou'ing to this 
(and other important properties) it is very largely employed 
in chemical laboratories in the form of crucibles It is very 
ductile and may be drawn out into fine wire, this wire being 
also commonly used in chemical laboratories 

Use of metals which. do not rust. — Although many 
metals rust, yet some metals will not do so These 
are of great value for the manufacture of articles which 
are required to be permanent and unaltered by the action 
of moisture or heat Some metals, also, as mercury, will 
only tarnish or rust with difficulty A list of all the 
metals examined, and of the nature of their rusts, should 
be made at this stage Although rusts of gold, silver, 
and platinum are not formed either by the effect of 
moisture or of heat, they may be formed by other means, 
and it does not follow that the rusts cannot be formed, or 
that they do not exist, because the student has been unable 
to obtain them in the simple experiments he has performed 


QUESTIONS ON CHAP IV 

1 Describe experiments which prove tint nr is composed of at 
least two gases 

2 How would jou show by experiments that onlv one part of the 
air is concerned m {a) burning, ( 5 ) rusting ? 

3 Describe experiments indicating that rusting and burning are 
essentially similar operations 
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4. When iron jis allowed to remain immersed m water it rurts 
How could \ou prove that this rusting is reallj due to air dissolved 
in the water? 

5 Describe, with the aid of a diagram, an experiment to show 
that a metal will not rust m inactive air 

6 What conditions are necessary for the rusting of iron, copper, 
zinc, tin, and lead 5 

7 What different methods are adopted to preserve iron articles 
emplojed out of doors, or used for cooking purposes? 

S Indicate the course of experiments jou would carr) out, with 
junior students, in order to determine whether iron m rusting removes 
the same constituent from air as does copper when being converted into 
copper scale or calx, cr-h , j c 
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COMBUSTION OR BURNING 

The experiments performed on the rusting of metals have 
suggested that burning and rusting are similar processes, at 
least m the case of metals It wall be well to examine this 
further, and to investigate closely some particular case of 
burning I he burning of phosphorus is a convenient case 
to study, but in all the experiments m which phosphorus is 
used it must be remembered constantly that, owing to its 
extreme inflammability, phosphorus jmust never^he.Jaalidled 
with the ha re fing ers Pieces of phosphorus should be 
moved from one place to another by a pair of forceps 
Whenever it is necessary to cut it, this should be done 
under water, and the pieces should be carefull) dried by 
blotting paper before being used 

35 ARE BURNING AND RUSTING SIMILAR 
PROCESSES 9 

1 Burning of phosphorus. —(a) Read what is said about phos- 
phorus above, and then place a little phosphorus in a test-tube 
fitted with a good cork. Fix the cork firmlv in the test-tube 
Hold the test-tube slantingly, by means of a test-tube holder, 
over a flame for a few seconds, so as to heat the phosphorus and 
make it bum When the phosphorus is alight the test-tube 
should be removed fiom the flame and the phosphorus allowed 
to burn When it will bum no longer, let the tube cool for 
fi\ e or ten minutes When cool take out the cork under water 
Note that the w-atcr rises in the tube Put back the cork and 
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shake up, test tlic lcmaming gas it extinguishes a burning 
taper Mcasuie the volume of the water it is one-fifth that 
of the total volume of the closed tube (I lg 30) 

(b) Cut .a smal^sht in a large coik, so thaLthe_small handle at 

the top of a crucible hd 
will fit firmly into, it 
Place the hd upon^the 
coik, and floatjhe cork 
uponjTiew atercpntaincd 
in the pneunnlic trough 
Carcfiillv cut ofi a piece 
of phosphorus as large as 
a good sized pea, drj it, 
and place the lump upon 
the fl oating lid. _ I he 
cutting should Jje done 
under viator Ignite the 
phosphorus and slowlv 
place ov'er it a jar or a 
bottle (Fig 31) _ Let the 
bottom of thcbottlccither 
rest on the shelf of the 
ItonghjJr on something 
suitable, placed on the 
to icinun for a few minutes, 





1 'ir 30 — Tliirmnc; of phosphorus 
bottom. Allow the apparatus 


when the white fumes will disippeat, and the water will be 
seen to use up in the j ir Place a gi eased glass plate 




Fic 31 — Rurnini, of phosphorus in a closed jar oicr uaier 


under the_moutli of lhe_bottle 1 _qrjar. L and piessing it tightlv 
so that novvatei escapes Remove the bottle and set it upright, 
keeping the glass. plate_on_the mouth Insert m the jai (ij a 
iTgliTcc3Taper i (2) a lighted can dle Note that in each case the 
light is extinguished - 
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(c) Measure the volume of vatei m the jar and the total 
volume it can hold, and determine in this nay the peicentage of 
an which has been removed Compare this with that removed 
by the iron during rusting, and compaie also the pioperties of 
the residual air 

(d) Carefully dry a wid e. glass„cylindei-and a .smalLcrucible 
Cut off (under watei) a piece of phosphoi us _about Jbalf as Jng_as 
a pea, and dry if between blotting papei _~Using-a pau.of.tongs, 
place the phosp hoius iiQhe, crucible, touch jt with a hot wue, 
adcT"quickly put the cylinder ovei it, as in Fig 32 A white 
powder is deposited upon the sides of the cylmdei When .the 
phosphorus has ceased to bum, lift up the cylmdei and poui a 
littl e wat ei into it _ The_white_pp\vder_dissohes .with a, slight 
h issing noise 



(e) Place a long stick of.phosphorus, fi xed to a piece, ofjyji e 
twisted around it, in' the bottle used. In Expt 35 (^J,jind invert 
the bottle over wa ter (Fig 33) Allow it to re main foi a f ew d ays, 
and again examine O bserve that Jhe..water_ has risen m .the 
bottle Repeat the experiments, and observe .that the phosphorus 
lias slow]y_tjihen_up one-fifth _o£_the_air, and has left the inactive 
foui -fifths ^Compare this result with thaj. bKarn^“ 15 \''dhe 
burning .of phosphorus (Expt 3 17 ^!) and" tha t obtained bythe 
rustmg of iron (Expt 31) 
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Different kinds of phosphorus - 1 litre arc two kinds ol 
phosphorus, one called yellow phosphorus (this is the 
ordinary phosphorus) and the other red, or amorphous, 
phosphorus Yellow phosphorus catches fire \ery easily, 
the warmth of the hand is quite enough to inflame iL For 
these reasons it is always kept under water It is generally 
bought in the form of sticks, which, when freshly manu- 
factured, are of a yellow, waxy colour 1 Ins phosphorus can 
easii) be cut with a knife, but the cutting should always be 
done under water Howes er small the piece, it must ncicr 
be touched with the bare fingers, but always lifted by small 
tongs or forceps If this precaution is not taken, the 
warmth of the fingers may cause the phosphorus to catch 
fire, and, as it is difficult to shake it off when once alight, 
the burn which it causes is \erv sex ere and dreadfully 
painful In all experiments with \ellow phosphorus these 
warnings must be borne in mind JJteL_red.„form„,of 
phosphorus is not so inflammable as the yellow, and has 
not todic kept under water, but it must be used with care 

Phosphorus readily hums m the air — It is only neces- 
sary to touch a piece of dry phosphorus with a hot wire to 
make it catch fire and burn It _burns_with a„da/7hng, 
bright flame, and at the same time dense clouds of white 
fumes are formed, which spread throughout the room 
'I hese facts are noticed until all the phosphorus has 
disappe ired 

Change produced m air hy burning phosphorus — To 
decide whether phosphorus in burning causes the same 
change in air as iron does when it rusts, it is best to burn 
some phosphorus in an enclosed amount of air m a way 
similar to that which has already been described for an 
experiment with damp iron One way to do this is to place 
a little phosphorus on a cork, or basin, which floats on the 
surface of water, under a bell jar, or a bottle After 
the experiment is oxer, and the fumes haxe disappeared, 
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the water is seen to have risen in the jar, indicating that 
there is less gas m the jar than before the phosphorus 
was burnt m it 

From what has been previously said, you can understand 
at once that phosphorus, m burning, takes out the active 
part of the air, and leaves the inactive part behind So far, 
then, the changes which occur when phosphorus burns are 
very like those when iron rusts Some differences will be 
studied a little later 

The fraction of the air which disappears as a result of the 
burning of the phosphorus in a jar, can be measured 
easily enough after the jar has been removed from the water 
As in the case of the rusting of iron, one-fifth of the air is 
taken out of it by the phosphorus in burning 

That the gas left behind is really the inactive part of air 
can be proved by introducing a lighted taper into the jar or 
bottle in which the phosphorus has burnt. The flame is at 
once extinguished 

Phosph o rus slowl y takes .out __the__a ctive part of the a ir 
without bein g lighted — It has been seen that iron slowly 
takes the active part of the air and combines with it to form 
rust- And this happens without heating the iron Will 
ordinary phosphorus do the same when it is not alight? 
This question, too, is easily answered by a simple experi- 
ment When a piece of clean phosphorus is enclosed 
in a quantity of air over water, the rapid changes just 
described take place slowly. The only difference m the tw r o 
cases is the rate at which the active part of the air is taken 
out Burning phosphorus combines with the active part 
very quickly , if not burning, only slowly Still, given time 
enough, ordinary phosphorus wnll remove all the active part 
of air without burning, and at the end of the experiment it 
wall be found that again one-fifth of the air has disappeared 

Proper ties of the substance fo rmed when phosphorus 
combines with t h e active part of the air — We have, - as 
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yet, only noticed that the substance which is formed when 
phosphorus removes the active part of the air is a white 
snow-like powder, which corresponds with the rust formed 
when iron is exposed to air With a little caie, the quick 
disappearance of the white material which forms the fumes 
of burning phosphorus can be prevented All that need be 
done is to burn a piece of dry phosphorus m a dry vessel 
In these circumstances, the white fumes settle down on the 
inside of the vessel in the form of a snow-like solid Byt 
the white powder has so. great an attraction for water that as 
sqon asjhe \essel is_ opened it ex tracts the, moisture from 
the air, and,_first becoming moist, is quickly replaced by 
drpps_oJLhquid, If watu is put into a test tube or other 
vessel in which dry phosphorus has been burned, the white 
powder rapidly dissolves with a hissing noise, like that 
noticed when water comes in contact with hot iron 

Results of the experiments — All these experiments 
completely verify the idea suggested by the burning of 
magnesium, viz , that burning and the rusting of metals are 
essentially similar processes The conclusions derived from 
these experiments are, that the phosphorus takes up, or unites 
with, a part — the active part — of the air, forming a white 
powder, and leaves the inactive air If^this js _so, then _it is 
clear that the white powder should weigh more„than the 
phosphorus from which it_ is formed, _and further, metals 
IKould not be able to rust in the residual air left after the 
burning of phosphorus (See Expt 32 ) It will be well, 
therefore, to perform these two tests 

36 BURNING AND RUSTING ARE SIMILAR 
PROCESSES 

_yv- Vi Change .of_weight of phosphorus during combustion. — Obtain a 
hard glass-tube, BA ~ inJDg 34, packjhe drawn-out end with 
asb estos fibre _ .-weigh_carefullv Place m it a small piece of dry 
phosphorus (about 02 gram) and again weigh" Connect up as 
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shown m Fig 34, the end A being attached to a suction pump 1 
whic h can b e fitted _to a, .tap This draws a current of an 
through the tube, and , m order to dry the air, it is first made to 
pass 't li rough' flieTes t tube C, containing stron g sulphuriC"hc 1 d 
Warm the phosp horus - sligh tly — it ignites Take away the 
burner anti allow it to burn, the fumes being stopped by the 
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asbestos A quantity of red deposit is also foundjanothei form 
of phosphorus), and this may be got rid of by stiongly "Keating 
When cool, disconnect, and again weigh the tube It is found, 
if care has been taken, that the phosphorus ..g ains m .weight 

11 MetalB will not rust in residual air — Burn some phosphorus w 
a laige bottle 01 jar m the manner explained m Expt 35 (/>) 
When combustion is complete remove the jar as before and 
repeat Expt 32, 11 , but using this residual air instead of the 
air after the rusting of iron You will find that the copper will 
not rust m this residual air 

Substances gam m weight during combustion The 
residual air is the same as that left after rusting — It 
is seen that these experiments completely confirm the con- 

1 If suction pumps arc not amiable, the current of air may be 
obtained by filling a large bottle with water, and closing it bj a cork or 
india-rubber bung, through which pass turn tubes one, the short one, 
only passing just through the cork , the other long one passing to the 
bottom of the bottle The outer end of the long tube is fastened to a 
long piece of india rubber tube dipping into a sink, etc , below the 
bottle When the water is sucked into this mdia rubber tube it con- 
tinues to sjphon off, and draws a current of air through tubes, etc, 
fixed to the short tube (Fig 35) 
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elusions derived from the burning of phosphorus When 
phosphorus bums in a tube, so arranged that the white 
fumes formed do not escape into the air, but remam m the 

tube, it is found that the weight of 
the tube, etc., is greater after the 
burning than it was before, so that 
the white powder formed weighs 
more than the phosphorus itself 
The residual air, left after phos- 
phorus bums m a closed space, will 
neither .support combustion nor 
allow metals to rust m it, it occupies 
four-fifths of the volume of the air, 
„ . , so that we conclude it is the same in- 

Fig. fc q of uspnntor 

active aims that left when metals rust. 

These combustion experiments, therefore, again indicate 
that air consists of iioo parts , one the active part ; occupying 
one-fifth of the volume of the air, the second an inactive 
party occupying four-fifths 

Further, we may state that rusting and burning both 
consist in the union of the metal or burning body with the 
active part of the air 

QUESTIONS ON CHAP Y 

1 Describe experiments which prove that during rusting and 
burning an increase of weight occurs 

2 How would you show that the slow combustion of phosphorus 
is a process similar to its rapid burning ’ 

3 Write a short account of the different methods vou have seen 
used m order to make a dull fire bum brighth, and show how in each 
case the result is achieved. 

4 How would you prove that when phosphorus bums, the product 
formed weighs more than the original phosphorus’ 

5 What reason have you for considering that the gas left after the 
burning of phosphorus is the same as that left after the rusting of iron’ 


Screta Clip 






CHAPTER VI 

CONSTITUENTS OF THE AIR OXYGEN AND 
NITROGEN 

The active constituent of air — We must now endeat our 
to obtain and examine the active part of the air which dis- 
appeared during the rusting of iron, etc Knowing that it is 
now present m the rust, the most evident plan would be to 
endeavour to obtain it from this source The ease with 
which iron rusts, that is, the readiness with which it takes 
up the active part of the air, should indicate that it would 
probably be very difficult to obtain it from this source, and 
that some other rust which is more difficult to prepare w ould 
probably be better for our purpose The most convenient 
is the rust of mercury, which is a red powder not easily 
formed (E\pt 34, in ) 

37 SEARCH FOR THE ACTIVE PART OF AIR 

'A Heating of mercury rust — Pla ce some of t he, mercury rust 
(knowri as_xed.o\ide of mercury) jnji tube of hard glass closed 
at one, end, and heat, strongly Notice the,. darkening of the 
powde r, also thjg_dark.dcposit which cpJlectS-rou hd "t ljejn side of 
tKeUube above the powder Place jntoJhc. tube nsphnfer of 
wood_i'chicbJias_jusLbecn_c J \()nguished, -and .is still,. glowin g 
Note that, it glows, more brightly, or. even bursts mtojlamc 
Allow. thc.tubejo_coo.l, and notice that the p owder r eturns to its 
01 iffina l colou r With a piece of wood, or glass, scrape. off the 
dark deposit from the walls. of .the tube _R,is.seen,to„be bright, 
metallic Quicksilver or mercury 
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v n Changes produced by heating lead in air — Heat a few pieces 
of clean lead m an'open crucible (Fig 36) When the lead has 
melted, stir the liquid metal with a stout iron wire Notice the 

formation of a powderv scum upon 
the lead Observe that the colour of 
the powder is darker when hot Let 
the_crucible cool Notice that it mow' 
contains a yellow powder m addition 
to the unchanged lead B\ prolo nged 
heating of this powder- its colour 
changes again, and it becomes red lead 
V 111 Gas produced by heating red lead. 
— Place a little red lead in a hard glass 
tube, and stronglv heal the tube_asjn 
Fig 37 Notice that the red lead 
undergoes a change of colour Into the tube insert a glowing 
splint er .Observe that the splinter is rekindled Wh> is this? 



Fig 36 — Heating of lead 



Fig 37 — Heating of red lead 


Red oxide of mercury — the action of heat on it — Red 
oxide of mercury, or, as it is sometimes called, red_ pre- 
cipitate, can be obtained by heating metallic mercury for a 
considerable time m the air, when the oxide forms as a red 
scum upon the surface of the metal 

\\ hen red oxide of mercury is strongly heated, it darkens 
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in colour, and a dark deposit of mercury collects abore the 
powder round the inside of the tube m which the heating is 
done When a glowing splinter of wood is plunged into the 
tube it bursts into flame 

What does this experiment teach 3 It show's that by 
heating the rust of mercury we obtain mercury itself, and 
also a gas m which wood burns more brightly than in air 
The gas thus obtained was taken out of the air when the 
mercur) rusted, and it is given up when the rust is heated 
As the gas which causes rust to form is the active part 
of air, it supports combustion very rigorously, for we have 
found that the other four-fifths of the air is inactive, not 
supporting combustion at all, and hence acting as a diluent 

It may further be proved, by weighing, that the weight of 
the original mercury is equal to that left after the experi- 
ment, prouded that all the rust is decomposed and no 
mercury is lost It may also be prored that the volume of 
the gas abstracted from the air, during the rusting of the 
mercury, is exactly equal to the \olumc of gas erolved, 
when the mercury rust is heated This shows that the gas 
escaping from the rust is the same gas as that taken from 
the air 

The compounds which lead forms with the active part 
of the air — When lead is heated m contact with the air, a 
yellow powder, which is much darker in colour when hot, is 
formed If the heating is continued long enough, all the 
metal is changed into powder The change takes place 
fairly easily, so that, from previous reasoning, you would con- 
clude that it is probably difficult to get the active part of the 
air again from this powder And this is so But it is found 
that, when some of the yellow' powder is heated for a long 
time at the temperature at which lead melts, it slow I) takes 
up still more of the active part of the air, and changes in 
colour, becoming red The first powder obtained, which 
is yellow, is in some states called litha ige , the second, red 

JC. F 
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powder is known as re d lea d _ It is easy to get the second 
portion of the active part of the air again from the red lead 

How the active part of air is obtained from red lead. — 
When red lead is heated, it changes in colour, and if the 
heat has not been great, it regains its original red colour 
when allow'ed to cool But if strongly heated, the red lead 
gives up some of the active part of the air which it contains, 
and is reconverted into litharge The amount of the actne 
part of the air which it thus gives up, on being heated, is 
the second quantity referred to m the last paragraph, which 
is taken up slowly when the heating of lead is continued for 
a long time If red lead is strongly heated in a tube, and a 
glowing splinter of wood is pushed down the tube, the 
splinter bursts into flame and continues to burn brightly 
The active part of air has been obtained alone, and supports 
burning very strongly 

The active part of the air is called oxygen — As it will 
be more convenient in the future to speak of the active part 
of the air by the name chemists use for it, w e may state here 
that it is always called oxygen We may hence speak of the 
change which takes place when the oxide of mercury is heated 
thus — Oxide of mercury on heating forms oxygen and 
mercuty 


38 PREPARATION AND PROPERTIES OP OXYGEN 

Vi Oxygen -from, potassium chlorat e — Pl a ce a little potassium 
chlojate_or chloi ate_of , potash (which is the same thing) in a 
testytube,_and_heat it „ Observe that the powder crackles, melts, 
and gives off jg,gas- Test by a glowing splinter of wood, and 
see that the gas behaves like oxygen, the active part of the an- 
il Preparation._of_a_small quantity of oxygen. — Powder some 
crystals ofpotassium chlorate, and mix _lhe .powder with a little 

manganese dio\ide-(someUmes-,called_pyiplustte) Heat some 

of_thejiiixture__in_'idest;tube, as_m jhe last experiment Observe 
by putting jn /i .glowing splinter jihat. oxygen is given off 
Notice that in this case there is no melting, and the gas comes 
oft more readily 
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v/m Preparation and collection of oxygen. — Into ahaid gtass 
tube, clo secFat one end, fit an india-rubbei stoppei, wit h o ne 
Hol e inlt, t hrough -which a tube, bent as m Fig 38, is passed. 
'The other en d of thistube, called 
tHe delivery tube, dips under 
"water in a trough Mix togethei 
some potassium chlorate and 
manganese' dioxide, as in the 
previous experiment, and pla_ce 
the mixture in the tube Sup- 
port the tube and delivery tube 
as~~shown In Fig 38 _ .Fdl 
several bottles with water, and 
invert them m the trough 
Gently warm the tube, and place 
one of the bottles of water over 
the "end of the d_eliv„eiy tube 
As the oxygen is driven off, it displaces the watei and gradually 
fills the bottle When the bottle is Tull of dxjgen,_ cover its 
mouth with a greased glass plate, and lift it out ofthe ..though 
IrTthis way fill five or six bottles with oxygen 



Fig 38 — Preparation and collection 
of o^j gen 



Fig 39 


Tig 40 — Burning of a candle in o\jgen 


Caution . — Be caieful not to take away the bumei ft cm unde ) 
the hard glass tube before lemoning the dehveiy tube from the 
trough 


iv Physical character of oxygen.— Take one of the bottles, and 
examine the gas inside as far as you can by looking at it 
Then lift off the glass plate and smell the gas Draw' a little 
into the mouth, and notice that it has no taste 

r >■ 1 1 1 tA-j y c< ^ h \jJ ' 1 
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' / v Tie burning _of ajcandle in oxygen. — Attach a piece, of stout 
wirejto a wax taper, as shown in Fig J^TSHdliaving lighted the 
taper plunge it into another of the jars of oxygen (Fig 40) 
Notice that it is ' ~ 7 J but continues to bum, but 

with a largo and 0 

\ vi Tie burning of ciarcoal in oxygen. — 
Into another jar of oxygen thrust a splint 
of wood, red hot at the end, or a piece of 
red hot charcoal placed - m a deflagrating 
spoon (a small upturned lion “spoon with 
IT long" Handle) (Fig 41) Note ’the bril- 
liancy of the combustion Test the gas 
left m the bottle with (1) some moist, red 
litmus paper, (2) some moist, blue litmus 
paper Note it changes the coloui of the 
latter to a reddish purple 
■- vn Tie burning of phosphorus in oxygen. — 
In another jar burn a piece of phosphorus, 
about half the size of a pea, contained in 
the deflagrating spoon Note the great 
brilliancy of the combustion and the dense 
white fumes' Add water and shake— the 
fumes dissolve Into the solution put a 
blue litmus paper Observe that it is 
turned red J 

'■'•'yin Tie burning of sulphur m oxygen. — 
Fig 41 —Deflagrating Perform, with another jar, a similar expen- 
spoon m jar ment with sulphur There are few fumes, 

and a strongly smelling gas is obtained, also soluble, turning 
blue litmus.jed ^ ' 

w i\ Tie burning of magnesium ribbon in oxygen. — Ignite a small 
piece of magnesium ribbon and hold it by means of crucible 
tongs m a jarjofoxygen Notice the white solid formed Test 
its solubility in water, and show that unlike the previous pro- 
ducts, it will not turn bluejitmus solution red, but will turn red 
fitmus solution b]ue Ci> ' t 1 1 

V\ The burning of sodium in oxygen. — Put a small piece of 
sodium 1 in a dry deflagrating spoon, light the sodium by heating 
it strongly, and put it alight into another jar of oxygen 

1 Great care must be taken when using sodium, which must never be 
allowed to touch damp materials It is kept under naphtha until used, 
and should ne\er be handled with the fingers It should be dried by 
blotting paper when taken from the bottle and cut with a clean knife, 
the pieces not used being immediate!) replaced in the bottle 
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Observe thejfumes formed Dissolve these in watei, and try the 
effect of the solution on litmus paper It does not turn the blue 
colour to red, but has exactly the reverse effect, and changes red 
litmus to blue Feel the water , it has a soapy feel 
v'xi The hunmig- of iron in oxygen. — Obtain a piece of non wire 
(a thin steel watch spring will do), and dip one end into a little 
melted sulphur, and when the sulphur is burning place the wire 
frT another jar of oxygen Observe that the sulphur burns and 
also starts the combustion of the iron, which continues to burn 
with a brilliant shower of sparks Aftei the burning has ended, 
observe that a quantity of an insoluble solid (iron rust) has been 
formed 

xn Substances when cold do not bum m oxygen. — Place any of 
the above materials cold into a jar of oxygen and note that there 
is no effect They do not burn 

Other substances besides rusts of metals give up oxygen 
when heated — It has been found by experiment that a 
number of substances give off oxygen when heated The 
one most commonly used is a white, crystalline solid, called 
potassium chlorate If a crystal of this substance is placed 
in a test-tube and heated m the flame of a laboratory burner, 
it first crackles, then melts, and by and by begins to give off 
bubbles of oxygen gas The gas given off appears to be 
oxygen, because when a glowing splinter of w ood is inserted 
into the tube it is immediately re-kindled, bursting into 
flame and burning brightly 

Oxygen is given off more easily if the potassium chlorate 
is mixed with manganese dioxide — To obtain all the 
oxygen from potassium chlorate requires a considerable 
amount of heat, when the substance is heated alone If, 
however, the chlorate of potash is first mixed with certain 
other substances, such as manganese dioxide, it is found 
possible to obtain the oxygen with very much less trouble 
The gas is given off at a much lower temperature, and more 
readily m every way It is the custom, therefore, w'hen it is 
desired to prepare considerable quantities of oxygen in the 
laboratory, to use a mixture of pota ssium chlorate and man- 
ganese di oxide , which is oft en known as oxygen mixture 
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Preparation and collection of oxygen — The apparatus 
shown in Fig 38 is very convenient for preparing oxygen 
from oxygen mixture A tube closed at one end is fitted 
with an india-rubber stopper, or a good sound cork, through 
which a hole has been bored A small glass tube, con 
vemently bent, fits tightly into the hole, and is so arranged 
that its other end dips under water in a trough Oxygen 
mixture is placed in the closed tube When this mixture is 
heated, a gas is given off To collect this gas, several bottles 
should be filled with water and inverted m the trough 
When these bottles are read}', the closed tube is gradually 
warmed with a laboratory burner, and after a little while one 
of the bottles >s placed over the open end of the tube m the 
trough The gas which passes down this delivery tube, 
being lighter than the water, of course rises up through it 
into the bottle In this way the water is gradually pushed 
out of the bottle, and its place taken by the gas 

This plan of collecting gases w’hich do not dissolve, or 
dissolve onlv to a small extent, in water, was_devised_by 
Priestley, the chemist who_first obtained- oxygen It is 
called collecting over water When the bottle is full of the 
gas, and while its mouth is still under water, it is covered 
with a greased glass plate, w-hich is held tightly to the 
mouth by the left hand, and the bottle lifted out and 
placed on the table w ith the right The gas is now ready 
for testing 

properties of oxygen — If one of the bottles of gas, 
collected as described, is allowed to stand for a minute or 
tw r o and then examined, several of the characters of oxygen 
can be made out To begin with, oxygen is an invisible 
gas It has neither smell nor taste _ The method by which 
it was collected is also a sufficient proof of the fact that it is 
either ( 1) i nsoluble m water, orjs_(2) soluble to only a very 
slight extent The experiments previously performed on 
rusting (p 59) show that water ordinarily contains a small 
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quantity of o\ygen, so that the gas is slig htly , but only 
slightly, soluble in water 

Oxygen has no effect on substances like sulphur and 
carbon w hen they are at the same temperature as the room, 
but if these dements are heated to the point of ignition the 
oxygen combines with them very readily, causing them to 
burn vigorous]}! 

If, before putting a piece of charcoal into oxygen, it is 
made red-hot in the flame of a laboratory burner, or a spirit- 
lamp, it no sooner comes into contact with the oxygen than 
a change is noticed 1 he piece of charcoal begins to burn 
very brilliantly, and bright sparks are given off As the 
burning proceeds, the piece of charcoal gets smaller and 
smaller 

Similarly with sulphur, even when a piece is held in a 
flame, it only catches fire with difficult}, and burns with a 
very pale, blue flame, giving but little light But if, while 
is still alight, it is transferred to a jar of oxygen, a difference 
is at once observed Ihe flame gets larger and brighter, 
and is of a beautiful lavender colour It remains until all 
the sulphur, or all the oxygen, or both, have been used up 

The flame with which phosphorus _burns_jn oxygen is 
dazzling in its brightness In fact, the burning is.so jntense 
that it is painful to some eyes to watch it This is par- 
ticularly the case when the experiment is performed in _a 
dark room 

Magnesium also burns with great brilliancy in oxygen, 
and forms thick clouds of a white powder Sodium does 
not burn very readily, owing to the fact that when heated, or 
even when merely exposed to the air, it becomes coated 
with a scum which cannot burn It may, however, be made 
to burn, and if immediately plunged into aTjar off oxygen it 
continues to bum very brightly Even iron wire will bum 
in oxygen if heated to redness, which may be done byjf 
small Up of burning sulphut On account of these pro- 
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perties oxygen is spoken of as a v eryv porous supporter oj 
combustion 

Oxides and their properties — In all these cases of burn 
ing, both the substance burnt and the oxygen disappear and 
a new product is found Ihey have m fact combined to 
form a compound, which we term an oxide , the name given 
to a compound of oxygen with some other element 
These oxides differ in their appearance and m their pro 
perties, as is readily seen if the contents of the bottles are 
examined after the burning 

^Carb on.— Thus, the bottle in which the carbon was burnt 
contains a colourless gas, which does not support combustion, 
has no marked smell, and turns moist, blue litmus paper 
to a reddish purple colour This gas is an oxide of cm bon 

julphtir — The sulphur when it burns forms a gas with a 
very strong, pungent odour — oxide of sulphm— which dis 
solves m water, and turns blue litmus paper to a bnght 
red (It was noticed that white fumes are produced 
when sulphur burns in oxygen These, however, are partly 
unchanged sulphur and partly another product which is 
formed in smaller quantities, and may be reserved for study 
in some later course ) 

' Phosphorus — Phosp horus forms a white powder — oxide 
of phosphorus — which is very soluble in water, the solution 
behaving to blue litmus in the same way as did the solution 
of oxide of sulphur, t e it changes the colour of the litmus 
to a bnght red 

' Magnesium. — This metal also forms, by combustion, a white 
powder — oxide of magnesium — which differs from the oxide 
of phosphorus in being almost insoluble m water That it 
is shghtly_sohjble, how ever, is seen by the fact that when 
shaken up with water, the liquid then has an action on 
litmus paper This action, however, is different from that 
of the previous oxides — instead of turning blue litmus red, 
it has the reverse action and turns red litmus blue 
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'-'sodium — The white oxide of sodium is very soluble m 
water and the solution has a peculiar soapy feel, whilst jt 
has a very powerful action on litmus paper } an action of the 
same kind as that of the oxide of magnesium, that is, it turns 
red litmus blue 

^iro n. — The oxide of iron is a dark, reddish brown powder, 
which is insoluble in water 

/Different classes of oxides — It is seen that the oxides 
formed may be divided into certain classes according to 
their action on litmus piper Some hive the power of 
changing blue litmus red — others turn red litmus blue The 
first of these are termed acids, and if the various compounds 
m the laboratory labelled and be examined, it will be seen 
they all have this effect on litmus paper 'I he second class 
of oxides act on litmus m the reverse way, and these are 
termed alkalis Some oxides have no action on litmus 
paper and are termed fieujraj 
We may now- write 

Phosphoius and oxygen form oxide of phosphorus (acid), 
sodium and oxygen form oxide of sodium (alkali), 

and so on 

It was owing to the formation of acids by the solution of 
somc_q\ides that the gas received the nanie oxige/yjyhich 
means acid-producer It must be remembered, however, 
that nil oxides are not aeids, some being alkalis 

39 IDENTITY OP DAS PROM POTASSIUM CHLORATE 
AND MAGANESE DIOXIDE WITH THE ACTIVE 
PART OP THE AIR 

'A Burning’ In air— Bum sulphur, phosphorus, magnesium, 
sodium, and charcoal in bottles filled with ordinary air ~ Ex- 
amine the products exactly as the products of their combustion 
in oxygen were examined Note that the properties are 
identical 

Identity of active gases examined —The objection might 
be raised that although the gas obtained from potassium 
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chlorate and manganese dioxide is an active gas, yet it may 
not be the same active gas as that present in the air, which 
is also obtained from the oxide of mercury, for it is quite 
possible that there are other active gases This objection is 
well founded, and the identity of this gas with that in the 
air should be proved To do this, we may endeavour to 
ascertain if the products of combustion in the previous sets 
of experiments are identical with the products of combustion 
in air, when, as we have seen, the burning substance only 
combines with the active constituent of the air — the oxygen 
We find that the products are really identical, sulphur 
forming the pungent smelling, acid gas, sodium the white, 
alkaline powder, etc 

We may conclude, therefore, that the gas formed by 
heating potassium chlorate, or its mixture with manganese 
dioxide (called oxygen mixture), is identical with the active 
part of the air which we call oxygen 

The inactive part of the air has been previously obtained, 
but, it will be well to revise and repeat the work, com 
paring the properties of the inactive part with those of the 
active constituent — oxygen 

40 THE INACTIVE PART OF AIR 

1 The inactive part of air — Repeat the expen merits of allow mg 
lion to rust in an enclosed quantity of air over water, and of 
burning phosphoius under a jar of air over water, and satisfy 
yourself that the gas left behind (a) extinguishes a flame , (t>) 
lias no action on a litmus paper 

n Air can be obtained again by mixing oxygen with the inactive 
part of air — Again allow iron to rust in an enclosed amount 
of air When the volume of gas in the bottle has ceased to 
diminish, remove the muslin bag containing the iron Place the 
delivery tube from an oxygen apparatus, similar to that used 
in the Expt 38, 111 , and bv heating the hard glass tube 
bubble oxygen into the bottle until it is again full of gas ~ Cover 
the mouth of the bottle with a piece of caidboard, lift out the 
bottle, and test the gas it contains wuth a burning tapei , it 
behaves just like air 
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The inactive part of air — The gas which is left in a 
bottle of air after iron has rusted m it, or phosphorus has 
burnt in it, or in which nnj one of the instances of burning 
which ha\e now been studied has occurred, will no longer 
allow a candle or taper to bum m it This is one reason 
wh) it is called the mactne part of air The inactne part 
of air does not affect damp iron at all , that is, the iron does 
not rust when put into it The name by which this gas is 
known to chemists is mitogen, and the-clTect of jts„pr_esence 
in--the^aic_is-j:hat. jhe"actnIty_.joLJ.he^o\ygen_isjhere,by 
diminished, ton ed down, or weakened Nitrog en noLxmlv 
will not. allow, things to burn nut, -but it will not_itsclQ)jurn, 
or, as is more commonly said, it is incombustible There 
are other substances m the air besides the active and inactive 
constituents which have now been described, but m this 
chapter, since their amounts are small, their study would be 
out of place 

Properties of nitrogen — This gas nitrogen is_an_c\ample 
of u cry i nar tn e, or jnert, substance 1 1 can only be made 
to „combine_with other substances with great difficulty — -in 
factjjwith most other things it. cannot Jbe-made to combine 

at— alL Not- only is nitrogen incombustible, and a non- 

supports) of combustion , but it also does not .support Jife, and 
a mouse put.mto.the gas dies very_cjuickly— tlus^isjbecause 
okthe .absence of oxygen 

If the number of negative properties of nitrogen is borne 
in mind, and if we think of this side by side with the very 
active qualities of oxygen, it is not at all difficult to under 
stand that its presence in the air serves the purpose of 
weakening the ox>gen, and thus making combustion less 
intense 

QUESTIONS ON CHAP VI 

1 Descnbc bnefh the sequence of e\pcmncnts winch indicate 
tne existence of o\}gcn in air, and gne a mode of preparation of 
this gas 
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2 How is o\) gen^most conxemently prepared? Gne an account 
of its characteristic properties' 

3 What are o\ides, and hon may the) be obtained ? 

4 How can nitrogen be obtained from the air, and what are its 
chief properties ? 

5 How %\ould you find the quantity of oxygen and nitrogen 
present in a gnen \olume of air? 

6 By the combustion of different substances xanous oxides ma) 
be produced Point out how by the action of Mater these oxides 
may be dnided into tMO classes, and gne examples 

7 How would )ou find Mhether a bottle of oxygen contained an) 
admixed nitrogen ? 

8 Describe the appearance and properties of the oxides produced 
b) the burning of magnesium, sodium, sulphur, phosphorus, and carbon 

9 Describe tMo soluble oxides and three insoluble oxides 


PRACTICAL EXERCISE 

io Collect some of the gas gnen off b) heating nitre, and endeaxour 
to determine Mhether or not this gas is ox)gen 



CHAPTER VII 

QUANTITATIVE STUDY OT THE ACTION OF HEAT 
ON POTASSIUM CHLORATE 

Tiif heating of potassium chlorate and manganese dioxide 
should also be done quantitatively, as the numbers obtained 
will be of use in later work 

41 QUANTITATIVE CHARACTER OF THE ACTION 

i Volume and weight or oxygen from 100 gms of potassium chlorate 
— Procure a test-tube and put in it a little manganese dioxide 
(previously well tfnirf by heating), and place near the mouth a 
plug of glass wool, or asbestos , weigh Add potassium chlorate 
and put back the glass wool , weigh again Connect up as in 
Fig 42 and heat until no more oxygen is evolved , measure the 
water driven out of A into the graduated jar B This is equal to 
the volume of gas evolved from the potassium chlorate and 
manganese dioxide Allow the tube to cool and weigh again 

Enter your results thus 

Wt of tube, manganese dioxide, and potassium 

chlorate, - - 36 85 gms 

Wt of tube and manganese dioxide, - - - 35 32 gms 

1 Wt of potassium chlorate, - - - 1 53 gms 

Wt of tube, manganese dioxide, and potassium 

chlorate, 36 85 gms 

Wt of tube, manganese dioxide and potassium 
chlorate, after heating, 36 25 gms 

2 Wt of oxygen evolved, o6ogm 

3 Volume of oxygen, - 


43° cc 
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We thus find, if the experiment is carefully performed, 
that from ipo gms of potassium chlorate we should obtain 

2522 x 2.22 gms , t e 39 gms of oxvgen, and further, that 430 c c 
1 53 1 

of ova gen weigh 060 gms , that is, 1 litre weighs 1 39 gms We 

hav e not here, how e\ er, 
corrected the volume of 
gas for the pressure and 
temperature, and this 
should be done, the baro 
metric pressure and air 
temperature being read 
at the time of the experi- 
ment, and the volume of 
gas corrected for the 
pressure 760 mm and 
temperature 0° C The 
weight of 1 litre of 
oxvgcnwillbetlienfound 
to be slightly over 14 
gms 1 1 he absolute 

density is hence also 

In the above experiment it wall be noted that the weight 
of manganese dioxide was not taken, so that in different 
experiments the quantity has probably varied within wide 
limits It wall be found nevertheless that the weight of 
o\} gen vanes only slightl} and within the range of expen- 
mental errors 

Oxygen from oxygen mixture— Quantitative results — 
When oxygen is prepared from “o\>gen mixture,” it is 
found that if the mixture is heated so that the evolution 
is complete, the weight of oxygen evolved is about 39 
grams for every 100 grams of potassium chlorate em- 
ployed, and that this quantity is independent of the 
quantity' of manganese dioxide added This experiment 

1 If found more convenient to do so, the experiment may be divided 
into two, ! c two separate experiments may be performed, (1) to obtain 
the weight of oxygen, (2) to obtain the volume of oxygen evolved from 
100 gms of potassium chlorate In this case, too, the weight of a litre 
of oxygen should be found 



known, and is 00014 gms per c c 
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appears to indicate, therefore, that although the man- 
ganese dioxide assists the evolution of the oxygen, as has 
been alreadv observed (Expi 38, n ), vet it does not itself 
furnish am of the oxygen, as might perhaps have been sus 
pected lor, if the manganese dioxide evolved oxvgen as 
well as tin. potassium ehlonto, a higl tr percentage of oxygen 
— calculated onlv on the weight of potassium chlorate— 
would be obtained when the quantitv of manganese dioxide 
was great than when it was small 

Rv also finding the volume of oxvgen evolved per 100 
guts of potassium chlorate, the weight of a litre of oxygen 
mav be ohutned In this way, it is found that a litre of 
oxvgen weighs about 1 \ gmx Inasmuch is one litre of 


water weighs 1000 grm « oxygen is only 


1 of the weight 
1000 


of w iter (hat is about one seven-hundredth 1 his weight is, 
however, bv no means negligible, and if each litre of oxygen 
weighs nearly one and a half grams it is evident that the 
oxvgen m even a small sized room must weigh a considerable 
nnount, and that the weight of oxygen in the atmosphere 
must be enormous 


42 EXAMINATION OF THE RESIDUE LEFT AFTER 
HEATING OXYGEN MIXTURE 

We must now return to the tube winch contains the residue 
of the heated mass tn Expt 41 

1 Examination of residue — licat well, till no moic oxygen is 
given off Roil up the mass with water and filter it The man 
ganese dioxide icmains nppircnth unchanged on the filter paper 
Lv ipor ite the solution to drv ness, and there remains a white 
solid which is not potassium chlorite, and tastes something 
like salt 

u "Weight of residue — Weigh 1 test-tube w it h some manganese 
dioxide end gl tss wool or asbestos as in Expt 41 Add some 
potassium chlorate, mix, and again weigh Heat until the 
whole of the oxygen has been evolved Allow the tube to cool, 
and then boil the contents three or lour times with water, 
filtering each time and allowing the filtrate to pass into an 
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evaporating dish previously weighed When all has been 
filtered, again pour through the filter paper a little hot water 
Note the apparently unchanged manganese dioxide on the filter 
paper Evaporate the contents of the evaporating basin to dry- 
ness on a water bath, and again weigh, observing the white 
potassium chloride m it Calculate the weight of potassium 
chloride left fiom 100 gms of potassium chlorate and observe 
that this together with the weight of oxygen, previously found to 
be evolved from the same quantitv of the compound, makes up 
(within experimental eirors) ioo gms Consider this, and draw 
your own conclusions 


The results may be entered in the following manner 

Weight of tube with manganese dioxide and 

potassium chlorate, 35 946 gms 

Weight of tube with manganese dioxide, - - 34 235 gms 


Weight of potassium chlorate, 


1 71 1 gms 


Weight of evaporating basin and potassium 

chloride, 

Weight of e\ aporating basin, 


55859 gms 
54815 gms 


Weight of potassium chloride, 


1 044 gms 


From 1 71 1 gms potassium chlorate 1044 gms potassium 
chloride remain 

From 100 gms potassium chlorate - °^^ 100 gms potassium 
chloride remain =61 gms 


A residue of potassium chloride and unchanged man- 
ganese dioxide remains after heating oxygen mixture — 
The residue left in a tube m which oxygen mixture has 
been heated consists of a hard black mass If boiled with 
water, it is found that a large quantity of this mass remains 
undissolved, m the form of a black powder, which, when 
the liquid is filtered, remains on the filter paper It appears 
to be the manganese dioxide, which is apparently unchanged 
m the action 

The liquid on evaporation, however, leaves a white solid 
which is not potassium chlorate, because no oxygen is 
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evolved when it is heated It possesses a taste somewhat 
resembling that of salt, and it is calle d potassiu m chloriQ. fe- 
lt would be unwise, however, to conclude that the man- 
ganese dioxide is unchanged without in some further way 
testing to see if this is really the case Ihe Experiments 
41 and 42, 1 , both indicate that it is so, and further 
experiment confirms these results For, if the residue left 
after heating a known weight of potassium chlorate be boiled 
until water and filtered, and the filtrate evaporated to dry- 
ness in a weighed evaporating basin, it is found that the 
weight of potassium chloride left, added to the weight of 
oxygen evolved, gives a result exactly equal to the weight 
of the potassium chlorate The oxygen has therefore been 
evolved from the latter compound solely, and we may con- 
clude that the black powder on the filter paper is really 
unchanged manganese dioxide We may therefore wonte 
Potassium chloi ate „?uhcn heated , . decomposes j/ito potassium 
chlorid e and oxygen 

The manganese dioxide did not change, what, then, was 
its role 5 This question is one which was for a long time 
explained by catling the manganese dioxide a catalytic assent, 
and such actions, viz, those acc elerate d by the*"presenceT)T 
a _ substance, .which itself ..does jnot„change,_3vere._called 
catalytic actions It is most probable, however, that the 
manganese dioxide passes through a series of changes, but 
the final one leaves it in its original condition 


QUESTIONS ON CHAP VII 

’/ 1 A sample of potassium chlorate contains potassium chloride 

How could you estimate the quantity of each in it? 

•2 What reason have vou for believing that m the preparation of 
oxjgen from ordinary oxygen mixture, the gas is only obtained from 
the potassium chlorate ? 

a A mixture of potassium chlorate and manganese dioxide is given to 
you How could you estimate the quantity of potassium chlorate in it ? 
I 4 On heating chlorate of potash it was found that 535 gramme of 
’ the salt gavei to cc of oxygen measured 1 5 0 C and 730 mm pressure, 

1 fZ he " t,r l g . ound i° weI S h 33 gramme, from these 

1 data calculate the weight of a litre of oxygen at A T p 

J c G 
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Ac nos cn actns os Muih mmuu.hN 

It Ins oeut found that n r nm o\ide dtssnHc in v iter 
to form solu'm.n ahuh lm« 1« <. t tinud nckl's 1 in s ( 
solutions arc <h ira* t« ti'„d In tin pmwrth>) pc «ssof turn 
inp him. litmus red, is w<l! as ti) o'lur proptnu i huh the 
studi m will re ihsi it 1 lau* ‘tipL of his stud) of i nennstn 
Sunn of tin s ,t‘uli art «'! > n it import mtt to the chemist 
and ore hi frt<|ucni um in the ihitnu d htf)M,aton Mil 
most import mt in. prulubh Mo i (imiKi r itlpt i/r,” ctn\ or 
oil of z '(no’ tatru o.ir, or .r< tutjords and / irV, > lord <: iif 
also railed n unutr </,*;/, and spirit* of salt i his*, tom 
pounds will in the folio' ms> vorl I> alwa\s spoj L n of In 
the fir* 1 ot the ibou n unis, ' huh, in eaih east, is tint !>) 
which the nerd ts al«a\s known to Miutust* lilt) m ill 
fvsot'tvts and ill at tael md di stroj r lothmg ctr so tli tt 
great tare is reouircd in using them 

43 PROPERTIES OF ACIDS 

i Sulphuric ndtl — 1 akc a sen small quantits of sulphuric icid 
in ,i test tuhf Smell it \dd some w iter about in t'|ti tl 
qu.antits — and notice that the tube becomes hot PI ice some 
blue litmus paper in the solution Pour i couple of drops of 
the strong acid in a crucible lie at, and ob-tru. the thick white 
fumes formed Put a drop on to somo filter p i pc r or wood, 
and notice that the paper, etc , is eb irred Compare the 
properties of this liquid with those of the liquid \oti found to be 
formed when green Mtriol was heated 
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h Nitric acid— Til c a small quantitv of nitric acid in .a test- 
tube, .and, as in the case of sulphuric acid, smell it, and obsenc 
the action of watci and of heat upon it Inthelattei case, obscr\ e 
carefully ibccoJouicd fumes evolved b\ heating, and that the 
liquid itself becomes coloured Place a little of the acid on 
some cloth, or a piece of wood, and notice the yellow stain pro- 
duced Obsenc the action of dilute acid on litmus papci 
m Hydrochloric acid — Examine similarly hydrochloric acid 
Obsenc its sharp smell, which is more maiked when the liquid 
is heated Obsenc the action of the dilute acid, or of the 
fumes, on litmus paper 

' Sulphunc acid is an odourless, ..thick, oily liquid, the 
deasitv.oLvvhich is iJ$5Jjranis percc When jinxed with 

water, considerable heat is produced and the mixture be- 
comes very hot Sulphuric., acid, indeed, absorbs water, 1 
very readily from moist substances, and is on this account; 
often, used Jor dry mg moist gages. 1 bus, the oxygen pre- 
pared in Expt 38, 111, was collected over water, and 
would, therefore, certainly contain a quantity of water \apour 
If the gas, however, is bubbled through sulphuric acid the 
water \apour is removed, and the efrj gas obtained This 
method of drying gases will he employed frequently during 
later work 

Sulphunc acid is also characterised by its power of char 
ring vegetable matter, and by the thick, suffocating fumes it 
emits when strongly ..heated Ifjiure, it is colourless, but iff 

a ny o rganic matter gcts jnto the acid and chars, the acid 
becomes dark in colour On this account strong sulphunc 
acid frequently has a slight brown colour 
^Nitnc acid is a colourless liquid, if pure The ordinary 
acid is, however, frequently of a yellow colour It has a 
choking smell, and when heated boils, and gives off choking 
fumes of a reddish colour, becoming at the same time darken 
in colour itself It^stains organic matter yellow and has a 
very powerful similar action on the skin 
’'/Hydrochloric .acid is also a colourless liquid with a 
pungent smell which cannot be confounded with that of 
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nitric acid , Its properties are not as striking as those of the 
other two acids, but, like them, it is a strong acid and very 
great cate must be taken m its use All these acids, e\en 
when very dilute, give the characteristic reaction with blue 
litmus paper 

44 ACTION OF ACIDS ON METALS 

i Action of acids on iron. — Place some iron filings in each ot 
three test-tubes and add to (i) dilute sulphuric acid, (2) dilute 
nitric acid, (3) dilute hydrochloric acid Observe carefully the 
action, if any, in each case If any gas appears to be evolved, as 
evidenced by effei \ escence in the liquid, test the properties of 
this gas wath ,egard to its action on (a) a glowing splinter of 
wood, ( p ) a lighted match 

II Action of acids on other metals — Repeat the last experiment, 
but using (1) zinc, (2) copper, (3) magnesium, (4) tin, (5) lead, 
instead of iron Note carefully, as before, the action in each 
case If necessary, the liquid may be gentlj heated in order to 
start an action , but directly the action starts the tube should 
be withdiawn from the flame 

III The products of the action. — Carefully evaporate, nearly to 
dryness, the liquid in each case in which an action has occuired 
and allow the liquid to crystallise If no crjstals are obtained 
evaporate to dryness 

'Action of acids on metals — When dilute sulphunc acid 
is added to some iron filings, no action appears to result 
at first After a short time, however, or on warming 
the tube, an energetic action occurs and the liquid 
effervesces, owing to the escape of a gas This gas does 
not ignite a glowing splinter, and if a lighted taper or 
match is placed at the mouth of the tube, the gas ignites 
wath a slight explosion 1 he liquid, if filtered from the 
undissolved iron, has a greenish colour and, on careful 
evaporation, deposits green crystals, which resemble the 
green vitriol previously examined (p 22) 

Nitnc acid also dissolves iron, but the gas previously 
obtained will most probably not be given off Some 
yellowish fumes with a choking smell will, however, pro 
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bably be evolved and a yellowish liquid will result, which 
on evaporation leaves behind a yellow coloured solid 

Hydrochloric acid also dissolves iron, an energetic action 
resulting, whilst a gas is evolved which does not cause a 
glowing splinter to ignite, but which ignites itself with a 
slight explosion when a lighted match is applied , apparently 
the gas evolved resembles that obtained by the action of 
sulphuric acid on iron A yellow' liquid also results, which 
on evaporation leav es a y'ellow solid as a residue 
_Zinc, like iron, is acted on by_all_three acids A colour- 
less liquid results m each case, which, on evaporation, leaves 
either a white solid or colourless crystals In the case of 
sulphuric and hydrochloric acids, the gas previously observed 
appears to be given off, but w ith mtnc acid it is not evolved 
The action with nitric acid, however, depends so much on 
the temperature, and on the strength of the acid, that various 
reactions may occur It will probably be found, however, 
that a gas is evolved in which a lighted match continues to 
burn, or which may even cause a glowing splint to ignite 
A small quantity of yellow fumes may also be obtained 
Copper is not acted on by either dilute sulphuric acid or 
hydrochloric acid , dilute mtnc acid, however, attacks it very , ■ 
vigorously', and copious fumes of a reddish brown colour 
and choking sm ell are evolved „ When the copper„Jias 
entirely disappeared a^blue. solution remains, which, _by 
evaporation and crystallisation, ^deposits blue crystals 

Magnesium dissolves very readily m all three acids, form- 
ing colourless solutions With sulphuric acid_ and Jiydro v 'i 
chloric acid tfie combustible gas, previously obtained by the, , 
action of 7inc on these acids, is again obtained With - 
nitric acid also, if sufficiently dilute, the same combustible , 
gas results , but, if the acid is more concentrated, some of the 
other gases, obtained by the action of nitric acid on the / 
other metals examined, will most probably be produced 
Tin and lead are both unacted upon by the dilute sul- 
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phuric and hydrochloric acids, but both are attacked by 
nitric acid, especially on warming The tin, however, does 
not dissolve, but forms a white powder, whilst in neither case 
is the inflammable gas given off 

The,action_of.nitric acid_©nrmetals appe ars to be of a more 
complicated nature than thak_of the_other. twojicids, mas 
much jis, different gases may be evolved — the student will 
probably have observed three — and, even with the same 
metal, t he products of the action vary with the strength and 
ternperature_ofL.the_acid This complication makes nitric 
acid unsuitable for our study at this stage, and attention may 
be confined to the action of the other two acids employed 

In every case where the dilute sulphuric, or hydrochloric 
acid, acted on a metal, a gas w r as given off which w’ould not 
cause a glowing splint to ignite, but which ignites itself with 
a slight explosion This is the case, for example, when 
either of the acids acts on iron, zinc, or magnesium The 
combustible gas evolved in so many of the cases examined 
is named hydrogen, which we may regard, therefore, as 
generally formed by the action of an acid upon a metal 
T his gas must now be prepared and examined 

45 PREPARATION AND PROPERTIES OF 
HYDROGEN 

1 Preparation of hydrogen. — Select a flask, orjbottle, and fit it up 
as is shown in Fig 43 Be very careful that _the_stopper_and 
the tubes respectively fitjvery closely Into the flask put enough 
granulated zinc to co\ er the bottom Pour some water upon the 
zinc Arrange the delivery tube in the trough as you did when 
you were making oxygen Pour a little sulphuric acid down the 
thistle headed acid funnel, and be quite sure that the end of the 
funnel dips beneath the liquid in the flask Do not collect 
bottles of the gas" until you are sure pure h>drogen is being 
gi\en off, which you can find out in' this way Fill a test tube 
wath water_ and invert, it. over the end of the deliver} tube 
When it is full of gas, still holding it upside down, take it to a 
flame (which should not be "near the flask you are using) , notice 
that there is a slight explosion Continue this until the hydro 
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geji burns quietlv down the test-tube When this happens you 
may proceed to fill one or two bottles 1 When the bottles Jiave 
been filled, it is better not to remove them fromThe watei until 
you want to use them Collect also a soda-water bottle h alfful 1 
of the gas, and fill two test tubes with the gas 



\/ Caution. — ”°t 1°^ in S a hght Jhcjhtsfje Junnel 

v o) tube tfcltvetjng The gas , even jivhen^the ^action _tn th e flas k 
seems to have ceased, oi a dan^e} ousjexpjosion inayoccuj 

finge}-SjQ 7 clafhins u 

Do not throw away the acid, etc , left in the flash, but resen e 
them for later examination 


vji Hydrogen escapes from a tube held mouth jip wards — Tahe 
the two test- tube s of gas , Jiold one mouth upw ards and the 
other ~mouth~ downwards for an equal time — say one minute 
Now, apply a lighted taper Jo both, and qbser ve that a slight 
explosion results in the case of that which has been field~mouth' 
downwa'rds, but no trace of hydrogen is found jn that which lias 
been held mouth upwards Considei carefully the conclusion to 
wliichTlnS experiment leads (Fig 44) 

111 Hydrogen may be poured upwards — Tahe a full jar of the 
gas and hold it_mouth' u p ward s "Bel 0 w a second smallei jar helcT 


1 In order more speedily to obtain the hy drogen m a state of purity 
raise the thistle funnel until ihe end is just above the level of the liquid 
in the flash or bottle Close the end of the delivery tube with your 
finger, so that the gas has to escape through the thistle funnel and from 
the bottom of the flash After waiting for one or two minutes the 
thistle funnel should be again pressed down into the liquid and the gas 
collected It will most probably be found that the gas will fulfil the 
test for purity given above Be sure that no flame is near the apparatus 
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mouth. _dau n wards, as_shown m Fig 45 On testing with a 
lighted taper observe that the gas has left the lower jar, and has 
filled the upper Many experiments, as the filling of balloons or 



Fir 44 — H} drogen escape* from a tube 
held mouth upwards 



r IG 45 — H} drogeri can be 
• poured upwards. 


soap bubbles, may also be performed to demonstj ate the ex- 
i-nprtely low density of hydrogen 

n Hydrogen bums but extinguishes a flame — Test one jar of 
the gas by means of a lighted' match 01 taper, holding the jai 

mouth downwards Ob 
serve that the gas burns 
at the m outh o f the iar, but 
tTfaTTKe^ taper js extin 
guished when thrust into 
thejai , on being taken out 
again, the taper becomes 
alight on passing through 
the flame of the burning 
hydrogen' (Fig 46) 

'v Hydrogen forms an 
explosive mixture with air 
— Wrap your hand in a 
duster, and with it hold 
the soda-water bottle 
Take it out of the watei 
so that the water runs 
out, and the_ Jiottle is 
now filled with. a mixture 
of hydrogen and air_ Apply a light and you will not fail to 
observe that'an' explosion lesults 

jV B arcft/L to_ direct thcjnouth of the bottle away f>om 

ever} body 
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v 4 i^J 0 ie_flame,of burning' hydrogen. — Fit a doubly-bent tube, 
drawn ou t.to.a point, to a hydrogen g ener ator, as shown m Fig 
47 Aftei pounng ry 1 it tle_ s ulp hu nc_ acid down the thistle 
funnel,' and proceeding as described in the footnote, E\pt 
45, 1, collect a test-tube_.of the. gas issuing from the straight 
tube, and hold the mouth of the test-tube neai a flame, lohn h 
must be a few feet away f 10m t he g eneiafoi If the gas does 



Fig 47 — Burning of hydrogen 


Tig 48 — I xlm of liquid formed by 
burning hydrogen 


not burn quiet ly, .but, with a_‘ppp’ or a s.queahmg noise, collect 
anotlTef "tube, and after two or three trials it will bum quietly, 
with a blue flame I VJien you can cai ?y this flame of burning 
liy diogcn, in the ’ test-tube , t o the afi frai a/us fi ony which the gas is 
being fTqfucecifdoso , aiui use it to ignite the gas escaping font 
the pointedtube If you lemembei always to do this, there can 
be no danger, for when you are able to carry a flame of hydro- 
gen in a test tube of the gas, foi a distance of two or three feet 
to the geneiating appaiatus, you may be suie that the hydrogen 
issuing from the apparatus is not mixed with air 
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Light the hydiogen in this way 

Observe that it bums with a pale blue flame, which after a 
time becomes yellow This coloration is due to the glass 
becoming hot, and some of the substances in it being burnt in 
the flame of hydrogen Hold a funnel oxer the flame of the 
burning hydrogen, and observe that it soon becomes covered 
with a mist, i e that a thin film of liquid condenses on the 
funnel (Fig 48) 

vn Hydrogen can be collected by upward displacement — Sub 
stitute for the delivery tube m Expt 45, 1 , a tube bent twice at 
right angles, as shown in Fig 47, and arrange a jar on a retort 
stand in an inverted position Place a test-tube over the 
upnglit tube, and allow it to stay there foi a minute, and test the 
gas as described in Expt 45, vi When it is pure, substitute 
the inveited jar, and after a few minutes lift it oft the stand and 
apply a light, fiist taking the precaution to map a duster round 
the jar, and to hold it away from youi face The jar will be 
found to contain hydiogen 

mu The liquid left in the flask. — Filter _off the liquid in the 
flask from the undissolvedTinc (sufficient 'zmc'sliould be used to 
learn a quantity still undissolved , if all has disappeaied add 
moie and wait till the action" ceases) Partially evaporate the 
liquid and_ allowjt. to cijstallise You avail _find_that_ clear, 
colourless crystals are formed Examine these crystals and 
sketch the most perfect - Heat some of the crystals jn a tube 
and obseive that they melt, give off water (which can be col 
lect ed a nd proved to be water, as in Expt 11,11), andjeat e a 
white ponder 

Heat this white powder strongly, and notice that it becomes 
yellow, but again turns white when. cold .. .. Consider., carefully 
what othej powdeis behaved similarly (p 57) 

Preparation of hydrogen — A convenient method for the 
preparation of hydrogen is to act upon a metal like zinc, 
w ith dilute sulphuric acid Iron could be used, but it is not 
so clean to work with, and the hydrogen given off is fre- 
quently mixed with other gases, owing to impurities m the 
iron Magnesium could also be used, but it is much more 
expensive than zinc It may be noted here that sulphuric 
acid has only a very slight action on pcifectly puie zinc, but 
it is not likely that the zinc employed will be quite pure 
The apparatus suitable for the preparation of hydrogen in 
this w f ay is described in the experimental work Owing to 
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the insolubility of hjdrogen in water, it can be collected, m 
the same waj as oxjgen oxer the pneumatic trough 
Physical properties of hydrogen — Hulrogenjs a gas 
which possesses no colour, no Jaste. and no smell It is 
verj much lighter thnnair For this .reason soap bubbles, 
or balloons filled with it, me m the air_w hen, free „to move 
It has been found by man> carefully performed experiments 
that hjdrogen is the lightest substance known 
Hydrogen va il, b urn, hut itjyill not aUowtliiDgs .to hum 
1n.1t —When a lighted match is brought to the end of a 
deliver) tube, from which pure hydrogen is issuing, the gas 
catches fire and continues to burn with a flame which is at 
first almost colourless, but ven, soon changes to a bright, 
golden yellow colour this is due to substances contained in 
the glass Hjdrogen is therefore said to be combustible 
If ajar of hjdrogen is held with its mouth downwards, 
and a lighted match (or a piece of taper) fixed to the end of 
a ware is pushed up into the jar, the hjdrogen, as in other 
cases, catches fire, and continues to burn at the mouth of 
the jar, but the flame of the match or taper is put out, 
showing that things will not burn when surrounded by 
hydrogen gas If the match or taper is slowly drawn out of 
the jar, it will be again ignited as it passes through the 
hydrogen flame at the mouth of the jar Thus, though 
hjdrogen is a combustible gas, it will not suppoi i combustion 
in ordmaiy circumstances 

Hydrogen, -being— lighter — than —air - can— be— poured 
upwards — When you wish to jiour water from one vessel to 
another, j'ou know very well that the vessel into w Inch water 
is to be poured is placed below, and the vessel from which 
the water is to be poured is placed abo\e and lilted This 
is because water is heavier, bulk for bulk, than air Simi- 
larly, if it were required to pour a gas considerably heavier 
than air from one vessel to another, like the gas which is 
produced when carbon is burnt in oxj’gen, you w ould pro 
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ceed in just the same way as with water Since, however, 
hydrogen is much lighter than air, the order of tilings must 
be exactly reversed The vessel into which hydrogen is to 
be poured must be placed above and be unertcd, while the 
\essel f>om which the gas is to be poured must be below 
and held with its mouth upwards 1 his method of pouring 
hydrogen from one jar to another is shown in Fig 45, and 
is always used when it is required to pour a gas lighter than 
air from one vessel to another For the same reason hydro- 
gen escapes very readily from a vessel held mouth upwards, 
far more rapidly than from a vessel held mouth down- 
wards Although hydrogen is lighter than air, it must not 
be thought, however, that it could be kept indefinitely 111 a 
vessel held with the open end down Even m this case the 
hydrogen would diffuse and escape into the air - - - 
The reason for the device adopted m Expt 45 (footnote), 
in ordei to obtain the hydrogen free from air, is now readily 
understood As the hydrogen is lighter than the air, which the 
flask at first contains, it tends to pass directly to the top of 
the flask, and if drawn off from there will only very slowly 
drag out with it the air of the flask, which tends to accumu- 
late at the lower parts, 1 e just above the liquid When the 
funnel is drawn just above the liquid, however, and the 
delivery t vbe is closed, the gas is draw n off from the lower 
portions The hydrogen collects at the top of the flask, 
forces out the lower layers, which contain chiefly air, through 
the thistle funnel, and hence the flask soon contains only 
pure hydrogen, or at least hydrogen free from air 
/ Examination of liquid remaining in flask — If when the 
chemical action m the flask has completely stopped, the 
liquid is filtered from the still undissolved zinc, as previously 
explained, and then partially evaporated in a basin and 
afterwards allowed to crystallise, clear, colourless crystals 
are formed, in most cases of a long rod-like form, or if 
rapidly crystallised of fine needle-like form If heated 
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in a tube, these crystals melt, give off watc? of crystal- 
lisation, and leave a white powder This white powder 
on strongly heating changes colour, becoming yellow', but 
again becomes white on cooling This peculiar change 
has been obsened previously m the case of oxide of nnc 
The crystals appear, therefore, to form oxide of zinc on 
strongly heating If careful examination and comparison 
be made of the strongly heated crystals and oxide of zmc, 
this wall be found to be really the case The aystals contain 
the zmc, which could, if necessary, be obtained again fiom 
them The hydrogen has, therefore, most probably been 
derived from the acid The other part of the acid has 
combined with the zinc to form the crystals, which con- 
sequently consist of zinc and part of the sulphuric acid, and 
are known as zinc_ sulphate We may therefore state sul- 
phunc acid and zinc fotm hydrogen and zinc sulphate Or, 
the same fact may be expressed in another way 


when 

Sulphuric acted 
' Acid upon 
( with 


Zinc 


Zinc gives SuLPHATE and Hydrogen 


The action therefore appears to be this, that the zinc 
takes the place of the hydrogen previously contained in the 
acid, this hydrogen being set free This is a very general 
action , it occurs with many metals and acids 


QUESTIONS ON CHAP VIII 


r By what means is hydrogen most con\emently obtained ? What 
are the principal properties of the gas ? 

2 Describe the preparation and collection of fydrogen by the 
action of {a) sodium, (d) iron, on water What other products arc 
also formed ? How would you obtain each of the products ? Describe 
briefly their various characters 


3 In the preparation of hydrogen from /inc and sulphuric acid, 
what other product is formed ? How would jou separate it from the 
liquid r Describe briefly its appearance 

nr L^ c * t ! lrec experiments to show the most characteristic 
properties of hydrogen 
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5 Describe the apparatus you would use for the production and 
collection of hydrogen gas , name the materials required and describe 
the properties of the gas 

6 A jar of oxygen, a jar of nitrogen, and a jar of hydrogen are 
put before you How can you tell which is which? 

7 How would you demonstrate (i) that hydrogen is a light gas, (2) 
that it does not support combustion ? 

8 Why is it that hydrogen which burns quietly when ignited at the 
end of a delnery tube, explodes if mixed with air and then ignited? 

g What tests w ould you apply in order to see if hydrogen prepared 
in the customary method is sufficiently pure to ignite 
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WATER 

46 COMPOUND FORMED BY BURNING HYDROGEN 

Vi Liquid formed by burning hydrogen. — Arrange a flask or 
bottle for the preparation of hydrogen Also fit to a large 
1 Winchester Quart ^ bottle 1 an india-rubber stopper lvith two 
holes Through one hole pass a short tube bent at right angles 
and through the other pass a long tube, reaching to the bottom 
of the bottle, also bent at right angles and on the outer end 
of v hich is joined some india- 
rubber tubing Fill this bottle 
completelv with water, insert the 
stopper and connect, by india- 
rubber tubing, to the dehv ery tube 
of the hvdrogen flask, as soon as 
pure hydrogen is being evolved 
By this means the water will be 
forced out of the long tube and the 
Winchester bottle v ill be com- 
pletely filled with hydrogen (Fig 
49) Remove the delivery tube of 
the hvdrogen apparatus from the F,a 
india-rubber connection, and close 

the latter bv a spring clip Xovv attach to the water-tap the 
other end of the india-rubber tube, which is joined to the 
long tube To the mdia rubber tube, fitted to the short tube, 
affix a U-tube containing either chloride of calcium, or some 
pieces of pumice stone soaked m sulphuric acid, either of 
which v ill absorb moisture from, ana d“y, a gas passing 
through it. To the other end of the U-tube connect a 
piece of glass tube bent at right angles and drawn out to a 

i The large bottles holding about 2 quarts in which acids, etc., are sold 
arc \ novvn as Winchester quart bottles, or often briefly lnchesteis.” 
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point When the water-tap is turned on, the hydrogen will be 
forced through the drying tube, dried, and can then burn at the 
end of the glass tube It should be allowed to burn, as shown 
in Fig 50, under a glass retort kept cool bv a stream of water 
flowing in at the tubule and out at the end of the neck By this 
means a perfectly regular stieam of pure dry hydrogen can be 
obtained and burnt, and the rate of burning may be readily 
regulated by means of the tap by which the water flow’s into the 
Winchester bottle 



Obseive the formation, on the outside of the retorl, of a 
clear liquid, which collects and drops into a clean beaker placed 
to receive it 

In this way obtain sufficient of the liquid to enable its pro- 
perties to be examined, using additional Winchester bottles of 
hydrogen if necessary Much time is saved if a number of 
pupils all work at the same experiment, and the liquid formed 
by all the hydrogen flames is added together 

11 Nature of liquid formed by burning hydrogen. — Observe 
that the liquid is colourless, odourless, and tasteless As already 
learnt, proceed to find the boiling point, freezing point, and 
density of the liquid formed when hydrogen burns in the air 
The boiling point is found to be xoo° C , the freezing point o° C , 
and the density 1 The liquid is consequently pure water 

Evaporate some of the liquid in a basin, and notice that no 
residue is left 

Test some of the liquid with litmus paper Obseive that it is 
neutral 

The burning of hydrogen — When an apparatus is ar- 
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ranged as m Tig 50, so that a hydrogen flame burns below 
a surface which is kept cold, it is found that a liquid is con- 
tinuously formed, which, as the experiment proceeds, collects 
drop by drop m a beaker put to catch it Since this liquid 
is formed by the burning of a perfect]) dry gas, it must be a 
substance which h)drogen forms with something out of the 
air To be sure that dr> h>drogen is burnt, the gas is first 
passed through a tube containing lumps of calcium chloride, 
a substance which has the power of absorbing moisture 
/The liquid formed as hydrogen burns is water — When 
the liquid produced by burning dr)’ hydrogen m air is 
examined, it is found to have all the properties of pure 
water /Thus, its boiling point is 100’ C , its freezing point 
is o' C ,_and its density is 1 , when evaporated to dryness, 
no residue is left behind, and it does not change the colour 
of litmus paper used for testing it \ 

These are all characteristics of-pure water, and it is there- 
fore quite certain that the liquid, which is formed as hydrogen 
burns in air, is water 

Wate r is oxide of hydrogen. — We have already learnt 
that substances in burning unite with the oxygen of the air 
to form oxides Unless hv drogen is quite exceptional, there- 
fore, it follows that the burning of hydrogen is also its union 
with the oxygen of the air to form an oxide, and that this 
oxide is water IVater is_ therefore the oxide 0/ hydrogen 
That hydrogen is not exceptional may’ be readily proved by 
lighting a jet of hydrogen and placing around it (a) a jar 
of nitrogen, (b) ajar of oxygen The burning hydrogen, like 
a burning taper, etc, is extinguished 111 the nitrogen, but 
continues to bum in the oxygen, show ing that the hydrogen 
resembles in this respect other combustible substances 
If water is an oxide of hydrogen, it might be possible to 
obtain the hydrogen from water by suitable means To do 
this we must act upon it with some substance which will 
abstract from it the oxygen We have found that iron does 
jc h 
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not rust in, i e abstract oxygen from, pure water, but it is 
quite possible that it might do so if heated strongly, or that 
other metals might do so either from cold or heated water 

47 TO OBTAIN HYDROGEN FROM WATER 

J V, Action of heated iron on water — Place some iron filings in 
the hard glass tube CA, or better in a piece of ordmarj iron gas 
pipe, and let the end A dip under water (If an iron tube is 



used a dehvery"tube dipping under the water must be fitted to 
its end by means of a bored cork ) To the end C fit a delivery 
tube from a flask, or tin can, containing w r ater Heat the iron 
filings well, and boil the w’ater m the flask so that steam passes 
o\er the heated iron, and then into the water, where it con- 
denses After boiling for sufficient time for the air to be driven 
out from the flask and tubes, place an imerted test tube of 
water over the end A, and note that the steam is not completely 
condensed, but that minute bubbles ascend to the top of the 
test-tube When you have obtained b} this means a sufficient 
quantity of gas (half a small test tube), first disconnect C 
from the flask of water, then stop the boiling Close the end 
of the test-tube with your thumb, and holding a lighted match 
to the mouth, open the tube Observe that the gas burns with 
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the blue flame characteristic of hydrogen Examine the iron 
filings m the tube CV/, and see that a quantity of rust, 1 e oxide 
of iron, has been formed (Fig 51) 

vf, Action of sodium on water — Place a small piece of sodium 1 
m water in an evaporating basin, and quickly put a large glass 
shade over the latter, observe the action Feel the water left 
after the sodium has all disappeared, and test it with red litmus 
Evaporate away the water Note the residue Compare the pro- 
perties of the liquid with those of the solution of oxide of sodium. 

Collection of the gas which 
sodium displaces from water — Place 
a small piece of sodium in a small 
piece of lead tubing, the ends of 
which are nearly closed, and gently 
drop the lead into a pan of water 
A gas is seen to come off (Fig 52) 

Collect this m an inverted tube full 
of water, and by this means obtain 
three test tubes of the gas Ob 
serve that the gas is colourless and 
odourless Test the gas as in 
Expt 45, and observe it is lightei 
than air, inflammable, and that 
mixed with air it is explosive, thus 
confirming the view that it is 
hydrogen 

v iv Action of magnesium on 
water — Place a small piece of 
ordinary magnesium ribbon in a test-tube completely filled with 
water and inverted over a basin of water Observe that minute 
bubbles form on the magnesium, even though attempts to com 
pletely get rid of any air bubbles adhering to it be made before it 
is placed m the test-tube. Note that these minute bubbles 
slowly collect at the top of the tube Place on one side, and 
when sufficient quantity of gas has collected (this may take some 
weeks) test the gas by a lighted match, and see that it behaves 
like hydrogen 

vv Action of magnesium on steam — Arrange apparatus as in 
Expt 47, 1 , or as shown m Fig 53, the end d being fitted with 
a delivery tube dipping under water, but in the glass tube place 
magnesium ribbon in place of the iron filings Heat the^ 
magnesium strongly m the current of steam, and observe that ' 
it becomes converted to a white powder— it may even bum — and 
that hydrogen collects in the test-tube 

1 Read again previous warning regarding the use or sodium fp 84) 
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Action of heated iron upon water m the form of steam 
— To make as large a surface of heated iron as possible 
come into contact with the water, it is best to use iron 
filings in studying the action of steam upon hot iron The 
filings are contained in a hard glass or iron tube, which 
will not melt when strongly heated The tube is fitted 
at each end with india-rubber stoppers, through each 



of which a hole is made to take a glass tube One of these 
tubes is connected with a flask, or other vessel, m which 
water may be boiled The other tube is bent to make a 
delivery tube, w*hich dips into a trough of water 

The iron filings in the tube are strongly heated, and 
the water in the flask is made to boil vigorously At first, 
air escapes through the water m the trough , and, after 
that, bubbles of steam pass from the end of the delivery 
tube and are condensed by the w ater in the trough W hen 
this occurs, a tube full of water is inverted over the end of 
the delnery tube, and, as it is watched, it is noticed that 
small bubbles of gas pass up into the tube and collect there 
When a lighted match is brought in contact with the gas 
which collects in the test-tube, the gas is found to burn in 
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the manner characteristic of hydrogen Moreover, an 
examination of the iron filings shows that they have been 
partly changed into red rust, / c oxide of iron 

The iron has, therefore, taken the oxygen from the water 
forming oxide of iron, the hydrogen being liberated We 
may state that under these conditions 

Iron and water (steam) form o\rm of iron and 
m nuoGFN 

Other metals besides iron will displace hydrogen from 
water — It has been seen that before iron can set hydrogen 
free from water it must be healed Some other metals will 
do the same thing without being heated It has been found 
that a metal called sodium will displace the hydrogen from 
water even when it is cold 

The action of sodium on water — Though sodium is 
heavier than naphtha (the liquid in which it is always kept), 
it is lighter than water Consequently, when a piece of 
sodium is put upon water, it floats When it touches the 
water, however irregular its shape, the piece of sodium 
almost immediately becomes quite round, and darts about 
from one place to another, spinningjbe whole time All 
the white it gets smaller and smaller, and just before its 
disappearance there is often a little explosion, and small 
pieces of sodium are scattered in every direction The 
greatest care must be taken that none of these tiny frag- 
ments hit the face 

Collection of hydrogen displaced by sodium —If a piece 
of sodium is put into a weighted roll of wire gauze, or in the 
lead tube described, which is dropped into water, then, as 
soon as the sodium enters the water, bubbles of gas begin 
to appear 7 hese can easily he collected by holding an 
inverted test tube full of water over the tube or roll of gauze 
In this way, tubes can be filled with the gas which sodium 
displaces from the water, and it may be readily seen that 
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the gas is really hydrogen, being inflammable, forming an 
explosive mixture with air, and being very much lighter 
than air tjhe liquid left, after the action of the sodium, is 
alkaline, and has a soapy feel It will be recognised as 
that previously obtained by dissolving the oxide of sodiumj 

Action of magnesium — Magnesium ribbon will also dis- 
place the hydrogen from cold water, but it does so very 
slowly If, however, magnesium instead of iron be heated 
in a tube as in E\pt 47, and steam passed over it, it will be 
found that the magnesium will rapidly unite with the oxygen 
and liberate the hydrogen The magnesium will even burn 
brightly in the current of steam It is clear that all these 
experiments confirm the view that water is the oxide of 
hydrogen 

Quantitative examination of the action of acids on zinc or 
magnesium — It has been found that zinc, or magnesium, 
has the power of displacing hydrogen from sulphuric or 
hydrochlonc acid The question may be asked, does the 
zinc displace its own weight of hydrogen, or is there any 
connection between the weight of the zinc, or magnesium, 
and the weight of the hydrogen it displaces ? To answer 
these questions the following experiments may be performed 

48 WEIGHT OF HYDROGEN DISPLACED FROM 
ACIDS BY ZINC OR MAGNESIUM 

1 Weight of hydrogen displaced from sulphuric acid by 100 gms 
of zinc — Weigh out a few' pieces of zinc in the form of thin sheet , 
4 to 6 grams is a convenient weight Place this zinc in a flask 
containing watei and closed by an india-rubbei stopper wuth tw r o 
holes, thiough w'hich pass, (1) a tube reaching below the level 
of the water m the flask, and closed outside by a piece of india- 
rubber tubing, into which is inserted a piece of glass rod 
(2) A tube packed with cotton wool, or better with glass wool 
and calcium chloride (a and b in Fig 54) Obtain a small tube 
and place in it some strong sulphuric acid By means of a 
string tied lound the tube lower it into the flask, and place m 
the india-rubber stbpper so that the tube is held m position and 
no acid is spilt Now very carefully weigh the whole flask with 
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the acid, water, and zinc Remove the stopper and gently lower 
the tube so that it rests inside without spilling the acid , place the 
string inside and tightly re-insert the stopper Now gently 
tilt the flask until the acid tuns out of the tube and acts upon 
the zinc Hydrogen is evoh ed and escapes through the tube (i) 
in which it is dried , so that only dry' h\drogen escapes 
When all the zinc has dissohed and the action has ceased, 
remove the indiarubber tube fiom the end of the tube ( a ), and 
draw a current of air through the flask, so that all the hydrogen 
m it shall be displaced by air Again weigh carefully The 
apparatus will be found to ha\e decreased m weight The 
decrease must, obviously, be the weight of the hydrogen which 



Fk 54 —Weight of hydrogen cl 1 spliced from actd 

has escaped from the flask Calculate the weight which w-ould 
have been evolved by the action of 100 gms of zinc Entei 
your results as follows 

Weight of zinc= 5 46 gms 

Weight of flask, zinc, and acid (before action) — 79 894 gms 
Weight of flask, „ (after action) =79 728 gms 

Weight of hydrogen evolved, - - oi66gm 

5 46 gms of zinc displace o 166 gm of hydrogen 

100 gms of zmc „ • — ^ — g ms of hydrogen 

= 3 05 gms nearly 

11 Repeat the expei imeni, using hydrochloric 3 m place of 
sulphuric acid r 


1 If a number 01 students are working together it may suffice for 
to employ sulphuric acid whilst others employ hydrochloric 
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111 Weight of hydrogen displaced from acids by magnesium — 
Repeat, employing magnesium instead of zinc with both 
acids — a smaller weight, i to 2 grams, will be sufficient In each 
case enter your results as previously shown 

Quantitative nature of action of acids on metals — It 
will be found by the experiments just described that the 
quantity of hydrogen displaced by the zmc is independent of 
the acid used, and that whichever acid is taken, 100 grams 
of zinc always displace about 3 1 grams of hjdrogen The 
values found may vary slightly , but, although the experi- 
ment is one which requires considerable care and accuracy 
m weighing, yet the values will probably not differ much 
from that given, which is the value alwavs obtained when 
the experiment is performed with complete precautions for 
the drying of the hydrogen, etc It follow’s that the weight 
of zinc able to displace 1 gram of hydrogen is about 
100/3 1, or 32 5 grams We may say, then, that 32 5 grams 
of zinc are equivalent to one gram of hydrogen m this 
respect, that thw weight of zinc can displace one gram of 
hydrogen from acids It will similarly be found that 100 
gms of magnesium alw ays displace 8 3 gms of hydrogen , 
the weight of magnesium, therefore, which will displace one 
gram of hydrogen, or which is equivalent to one gram of 
hydrogen is 100/83 = 12 gms , 12 is hence said to be 
efqu£<Jiikuljweight_s>ijm ag nes ium The volume of hydrogen 
displaced by these metals may also be found 


49 VOLUME OF HYDROGEN EVOLVED BY 
THE ACTION OF ZINC, OR MAGNESIUM, ON ACIDS 

1 Volume of hydrogen displaced by 100 gms of magnesium. — 
Weigh out about o 25 gms of magnesium (do no employ more 
than this) and roll it into a small coil In a graduated 250 c c 
jar place some dilute acid— h> drochlonc acid preferably, although 
sulphunc acid will do Inveit this in a large trough of water, 
and quickly inseit the coil of magnesium under the mouth of the 
jar Observe the lapid formation of hydrogen, the bubbles of 
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which, by clinging to the magnesium, cause it to rise to the 
surface, which descends rapidly as the gas collects above (Fig 55) 
When all the magnesium has dissolved, allow the jai to cool, 
and measure the volume of gas m the cylinder It is best to 
lower the cylinder in the trough until the le\ el of water inside 
and outside is the same, so that the piessure of the gas is equal 
to that of the air Next calculate the volume which would have 
been evolved by the action of 100 grams of magnesium 
Observe the temperature of the laboratory, and the height of the 
barometer, and, m recording your result, state also the tempera- 
ture and pressure at which this volume of gas was measured 
Record yom results thus 


Weight of magnesium =0 246 gm 
Volume of hydrogen evolved =243 c c 
Temperature I7°C Height of barometer 752 mms 
0246 gm magnesium displaces 243 cc hydrogen at 17 0 and 
752 mms 


100 gms magnesium displace 


- x 100 c c hydrogen at 1 7 ° and 
o 246 


752 mms 

=98,800 c c 01 98 8 litres 
At o° and 760 mms this volume would be 
98_8 x 273 xZ |2 litres 
1 290 760 

= 92 3 hties 



11 Volume of hydrogen displaced by 100 gms of srino This 

volume may be determined in a mannej similar to that employed 
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for the magnesium Or, it may be conveniently found by em- 
ploj mg a method analogous to that used to find the volume of 
oxygen evolved from 100 gms of potassium chloiate (Fig 42) 
Place some zinc, previously weighed (about o 7 gm ) in a small 
flash containing water and fitted with an india-fubber stopper, 
thiough which passes a glass tube, fitted, as shown in Fig 56, 
to the Winchester bottle filled with water Carefully place in 
the flask a small test-tube containing concentrated sulphuric 
acid, taking care not to spill the acid (This is best done by 
pieviously tying a piece of string round the tube and leveling it 
by means of this string into the flash ) Replace the India 
rubber stopper and tilt the flash so that the acid runs out of the 
tube Hydrogen will be evolved and will displace the watei 
The results may be calculated as in the case of the magnesium 

Density of hydrogen — The volume of hydrogen evolved 
by the action of 100 gms of zinc, or lhagnesium, on acids 
may be found in the manner described in Expt 49, 1 and 11 
It will be found that by the action of 100 gms of mag- 
nesium about 93 litres of hydrogen, and by the _action_of 
100 gms of zinc about 34 5 litres of hydrogen are evolved 
As we have already found the weight of hydrogen evolved 
by the action of these metals, it is clear that we have the 
connection between the weight and volume of hydrogen 
Thus, the experiments with magnesium prove that 93 litres 
of hydrogen weigh S 3 gms , whilst those with zinc prove 
that 34 5 litres of hydrogen weigh 3 r gms Each of these 
gives the weight of 1 litre of hydrogen as o 09 gm , and the 
concordance of the results may be taken as an indication of 
their validity 

This weight is important, and must be remembered We 
may write, therefore, 

1 litre of hydrogen weighs o 09 gms 
i cc o f.hy.drogen,weighs o_oooo9_gms 

Density of other gases compared with hydrogen — 
Hydrogen_being_tlie_lightest_gas known the densities of 
othet-gases are frequently compared with th atT~of 'hydrogen, 
and-this relauW^^isit}^jcalledjhe vapou r densit y of t he 
gas Thus, the weight of 1 cc of oxygerTfias been foundjo 
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bo 000144 grams Its. dcnsiu^Jiier efo rc, compared with 

that of hydrogen is — 16 

- o 00009 

This relative density is also frequent]) called t he de nsity 
of the gas The student must always endcu\our to consider,"' 
when the density of a gas is spoken of, whether the absolute 
density, t c weight of 1 cc, or tins relatnc density is to be 
understood 


QUESTION’S ON CHAP I\ 

1 Give diagrams and a cliort description of .an experiment to 
prove that water is produced bj ihe combustion of hydrogen 

2 What tests would \ou applj in order to determine whether .a 
given colourless, odourless, tasteless liquid was water or not 5 

3 Write down what you consider to be the phjsicnl .and chemical 
characteristics of water, that is, the properties winch are possessed b) 
water, but by no other substance 

4 Describe a method of liberating hjdrogcn from water (a) at 
a red heat , (/<) at ordinary temperatures 

5 A current of steam is passed through a lube which contains 
pieces of iron heated to redness What chemical change goes on 
within the tube, and what tests would jou apply to identify the 
gas winch escapes from the end of the tube ? 

6 How would jou prove that air contains one of the constituents of 
water? 

sCj Describe carcfull) a method by which the weight of hjdrogcn 
Misplaced from acid by i gram of nnc can be determined, adding 
numbers to indicate the mode of calculation 

8 'What chemical reaction takes place when a small piece of 
metallic sodium is thrown into water ? 

9 How would jou test whether the solution left is acid or alkaline? 
-jQo By vvlmt experiments have jou determined the density of 
hvdrogen ’ 

1 1 What do you understand by the equivalent weight oi a substance? 
It was found that 036 gramme of magnesium liberated from dilute 
sulphuric acid 33G c c. of hjdrogcn at n t r Can jou deduce the 
equivalent weight of magnesium? What further experiments would 
jou make with this metal to find the equivalent weight of oxjgen? (1 
litre of hjdrogcn at N r l 1 vvcighs-o 0S99 gramme ) 

12 Sketch the apparatus jou would employ, and mention the 
precautions jou would take, in showing the combustion of hjdrogcn 
in air By vv'hat phj’sical and chemical properties would jou prove 
that the product is vvntci? 
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COMPOSITION OF WATER 

50 QUANTITATIVE COMPOSITION OP WATER 

Warning — The student must be warned that this experiment as 
dangerous unless care is taken, as any escape or leakage may lead to a 
serious explosion With care it nn\ be safe]} done 

i To determine the weights of oxygen and hydrogen which combine 
to form water — Obtain a piece of hard glass-tube drawn out at 
one end , pack m this tube some asbestos, and after this some 
granulated copper oxide, and finally some more asbestos See 


Asbestos Copper Oxide Asbestos 



Fig 57 — To illustrate Expt. 50. 


that a current of air can be drawn tin ough the tube, but that the 
asbestos is packed sufficiency tightly to prevent the escape of 
any particles of copper oxide The tube should be notv draw n 
out at the other end, so as to take the form shown in Fig 57 
(The dimensions given will be found convenient) Obtain a 
U-tube, fitted w ith a small bulb, as shown m Fig 58, and a cork, 
which will fit into this bulb Bore a small hole in the cork 
and fit it on the end of the copper oxide tube Obtain also a 
second U-tube Heat some sulphuric acid and small lumps of 
pumice in a crucible for a short time, until w’hite fumes begin 
to be evolved, and then place the pumice and a comement 
quantity of sulphuric acid in the U-tubes (Fig 58) One of 
these U-shaped tubes serves to dry the hydrogen, in the second 
the water produced in the experiment is collected Fit up the 
apparatus as shown, using the Winchester bottle to contain the 
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hydrogen, as in Expt 46, 1 It is important for the copper 
oxide tube to slope as shown Before filling the Winchester 
bottle with hydrogen, allow' it to be filled with ordinary air, 
and, heating the copper oxide tube by a Bunsen burner flame, 
turn on the tap and allow' a current of dry air to pass through 
the apparatus for a few minutes If any trace of moisture is 
seen m the copper oxide tube it should be taken off, heated, 
and a current of air blown through by a bellov's until no trace 
of moisture is observed The passing of the current of air 
will also show' whether y r our apparatus is in good order or not, 



as bubbles of gas should pass through the acid in both U-tubes 
If satisfactory, the copper oxide tube and the second U-tube 
(right hand side of the diagram) are both carefully weighed, the 
cork being kept on the end of the copper oxide tube (To 
weigh these tubes it is most convenient to suspend them from 
the balance by ware) F ill the Winchester bottle with pme 
hydrogen, connect again as m Fig 58, and, by turning on the 
tap slightly, allow a slow' current of hydrogen to pass through 
the apparatus If the apparatus is seen to be completely air 
tight (bubbles passing at the same rate through both U-tubes) 
heat the copper oxide tube strongly You will probably notice 
a bright glow in the tube, owing to the combination of the 
hydrogen and the oxygen Observe also the water which 
collects in the bulb of the U-tube and in the lower part of the 
coppei oxide tube When a sufficient quantity of water has 
collected and about three-fourths of the hydrogen has been 
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used, the lower end of the copper oxide tube should be carefully 
heated to drive off any drops of water which may have collected 
there When the bottle is nearly full of water stop the tap and 
allow the apparatus to cool, without disconnecting, so that no 
oxygen or air gets into the hot copper oxide tube. When cool, 
disconnect and again weigh the U-tube and copper oxide tube, 
noting how, in the latter, the black copper oxide has been con- 
vened into bright copper Enter your results thus — 

Wt of U-tube after experiment, - 36 473 grams 

Wt of U-tube before experiment, - 35 821 grams 


Wt of water produced, - - o 652 gram 


Wt of tube of copper oxide before experiment, 35 562 grams 
Wt of tube of coppei oxide after experiment, 34 982 grams 


Wt of oxygen, - - - - - o 580 grams 


The weight of oxygen is o 580 gram, and that of the water 
produced from it is 0652 gram, therefore the weight of 
hydrogen must be 0652-0580 gram, that is, 0072 giam 
Write, therefore — 

Wt of water, - o 652 gram 

Wt of oxygen, - o 580 gram 


Wt ofhydiogen, - - 0072 gram 


Theiefore 0072 gram hydiogen combines with 0580 
gram of oxygen, and hence 1 gram hydrogen combines 

with-^^=8 grams of oxygen 

Composition of 'water by weight — We must now en- 
deavour to find the composition of water by weight, that is 
the weights of oxygen and hydrogen which combine to form 
water To do this, it should be noticed that we only require 
the weights of two out of the three substances concerned, 
1 e if we know the weights of hydrogen and water (or of 
oxygen and water), the weight of the oxygen (or hydrogen) 
is readily calculated The expenment is performed by find- 
ing the weights of the oxygen and water, and for this it is 
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best to use not oxygen itself, but some oxide which readily 
gives up its oxygen to the hydrogen, so that by w eighing the 
oxide before, and after the experiment, we can ascertain the 
weight of oxygen which it has lost The oxide used for this 
purpose is oxide of copper, a black powder 

The experiment is one of considerable difficulty Gieat 
care must be taken if satisfactory results are to be obtained, 
but it is possible to obtain such results 

If the experiment is performed m the manner described 
above, it wall probably be found that the ratio of 
the weight of oxygen to that of hydrogen is between 
7 1 and 9 1 But, if a number of experiments is per- 
formed, and the total weights of the oxygen and the hydrogen 
are considered, a ratio of about 8 1 will almost certainly be 
obtained This is the result which has been always obtained 
where more precautions have been taken, and more elaborate 
apparatus used than is possible at this stage We may, 
therefore, state that 1 g> am of hydrogen combines with S 
grams of oxygen to form g grams of wate ?, or that water is 
formed of eight-ninths its -weight of oxygen combined with 
one- ninth its weight of hydtogen 
, Proportions _of oxygen, and ..hydrogen., by volume in 
water — We have found the proportions by w r eight m which 
the oxygen and hydrogen combine during the formation of 
water It is possible also to find the volumes of the gases 
which unite to form water For this it is necessary to 
measure out definite volumes of oxygen and hydrogen, 
cause them to combine, then measure the volume of gas 
w'hich remains uncombined and ascertain which gas it is 
This is usually done in a piece of apparatus known as an 
Eudiometer (Fig 59) In its simplest form this_con§jsts_of 
a 122S glass tubej?lo_s.ed.a_t.onejsud.and. ,graduated m equal 
volumes^ usually cubic centimetres, by division s^markecjjm 
the glass „ Through oppositesides^of die tube, at the closed 
end, pieces. of platinum wire are passed, jind.Tusedjiito._the 
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glass,_beingjjp_ arran ged that they_ do n ot quite t ouch one 
another Ou tsi de the tub e the platinum wires are bent into 
loops to which wares from an induction coil may be attached. 

„ Composition of water by volume — 

{f\ " 

/#C \\ 1 ° To use the eudiometer, it is first com- 
ic 0 J| lj - pletel} filled with mercury and inverted 

i|E |“ over more mercury contained in .a 

ij-Eio 1 30 trough A suitable quantity of pure 

0— ’ Jr ~° |« dry oxygen, is then bubbled into the 

Iso tube and the^volume (after the neces- 

|«o sary corrections for temperature and 

I io pressure) is recorded Pure dry hydro 
1, 0 gen is next bubbled^into the tube, 
|, c using a considerable excess _of one or 
j IM other of. _the_gases . Tlie._volume. is 
| lia again recorded (with necessary cor- 
j llt rections as before), and. then, keeping 
!,„ the eudiometer firmly pressed upon a 
Inc sh eet of jndia-rubber, or felt, -at the 
iiso b ottom of the_trough, the gases are 

Fig 59 — a Mmpie form of cqmbjne.by causing an electric 

eudiometer The arrange S n a rk tO paSS between tile platinum 
ment of the platinum wires r 1 

is shown m the enlarged top wires inside the tube As soon as 

of the eudiometer " - — — - 

the spark passes, the two gases com- 
bine, with_a flash of light The .eudiometer is_slightly 
raised from the india-rubber (but of course not above the 
mercury in the trough), and it is see n that the volume of the 
gas in the eud iometer jsjess than before the explosion, and 
that there is a film of moisture upon the interior of the 
tube. The corrected volume is again recorded, and the 
nature of the gas ascertained We then find the volumes 
of the gases which have combined, in the manner indicated 
below 

Corrected volume of oxygen, - - - 12 cc 
Corrected volume of mixed gases, - - 50 c < 




COMPOSITION or WATER 


-Hydrogen 


Therefore, corrected volume of hydrogen = 38 cc 
Corrected volume after explosion =14 cc 

Gas left ascertained to be hydrogen 
Hence the 12 cc of oxygen united with (38- 14), te 
with 24 cc of hjdrogen, and we find this result always 
obtains, namely, 2 volumes of hydtogcti combine with r 
volume of oxvgeu to form wo /a 

Such a process as this, the formation of a compound from 
elements, or from simpler materials, is known as a synthesis 
We might also find the required ratio by the analysis of 
water, that is bv breaking it up into its components, which 
we can do bt passing an electric current through it 
Analysis of water — Hus may be done by means of an 
electric battery, for generating the electric current, and a 
Voltameter The latter is 
most simply made by closing Jj 

the bottom of a funnel by Oxygen ^ 
means of a tightly fitting cork — 

through which pass two pla- » % fe . 

tinum wires with small plates \ jl 1 = 3 . -f fl f 
of platinum attached to the qf fjr p,at!mwl 

ends remaining in the funnel \ ' ' 

(Fig 60) Over these plates 

are supported two glass test- ^ t0 natter Batter, j ^ 
tubes, and the tubes and 

. Fir 60 — A voir micicr 

part or the funnel are filled 

with water to which has been added a little sulphuric 
and, as otherwise it offers great resistance to the electric 
current The wires from a battery of three or four cells 
are connected with the ends of the platinum wires, and 
as soon as the connection with the battery is complete, 
provided there is clean metal at every junction, bubbles of 
gas are seen to rise from each platinum plate, and to ascend 
into the tube and displace the contained liquid After the 
experiment has gone on for half-an-hour, the gases may be 


/-'Platinum 


yfffff Cork 

._to Batteru'-tf^r to Battery . 

* .. . — « — ' V t , .-r- , - 1, 

fir 60 — A voir inictcr 
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tested and their volumes measured It w ill be found that 
the volume of one gas is double that of the other, and that 
the gas of which there is the larger amount is hydiogen, 
\\ hile the other is oxygen 

Calculation of composition of water by volume — 
If, however, eudiometers and voltameters are not available, 
the volume ratios can be calculated from the weights and 
the densities of the combining gases We have found that 
i gram of hydrogen combines with 8 grams of oxygen 
But, one gram of hydrogen occupies 16 times the volume of 

1 gram of oxygen (p 122), and therefore twice the volume of 
8 grams of oxygen The volume of hydrogen, therefore, 
is twice that of the oxygen 

If, therefore, the result has actually been found experi- 
mentally it senes to confirm the previous experiment which 
led to the same conclusion 
YVe have now found 

2 volumes, of hydtogen mute with 1 volume of oxygen to ftrf>n 

wa ter 

also i gram of hydt ogen mutes, with 8 grams of oxygen to foi m 
Q gravis of water^jind 

the density of oxygen is 16 iimesfhat of hy di ogen 


QUESTIONS ON CHAP X 

1 YY'liat is the composition of water? De'Cribe experiments by 
which its composition by \olume may be found 

2 If twenty volumes of hydrogen aud twenty five \olumes of oxygen 
be mixed in an eudiometer and exploded, what volume of gas would 
be left, and how would you show which gas it was? 

3 What is the action of hydrogen on heated copper oxide 5 How 
can this action be used to find the composition of water by weight? 

4 YY'hal is an eudiometer 5 Give a sketch of one and explain 
for what purposes it may be used 

5 How would you prove that when hydrogen is passed over 
heated copper oxide something is taken away from the latter 
compound 5 

6 Y r ou are required to prove experimentally that, in the previous 
question the part abstracted is really oxygen How would you 
endeavour to do so ? 
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7 Describe experiments ( 1 } to ebon tint water maj l>e split up 
into oxygen kikJ hulrpgcn, md ( 2 } to c hou thru l >\ the comb nation 
of these gim. water *s pr'vluced 

S Wlnt toll mt of Jndrogen vimdd lx. rtcjuirttl in order to unite 
Will 7 3 gills of OXX g t,l 1 

9 It is foind when 7 26 of nn oxide rt heated 111 1 current at 
hvdrogcn tin* 673 gms of imtn! nre left Calculate th_ percent tge 
oiiTi|v> ttKti a r the ostdi^ 

to NYh.it hi until (2) eoluirte «> r hwlrogen would hue been wed 
in the tsp nrnen of Quest o’ 





CHAPTER XI 


EXAMINATION OF CHALK 
51 CHALK 

I Examination of chalk. — Again examine chalk according to 
the scheme of Chap II , or read thoroughly your notes on its 
examination 

II Change produced by heating chalk.— Place a little powdered 
chalk {not blackboard chalk) on a piece of platinum foil, and 
heat it strongly for some minutes in the flame of a laboratory 
burner If platinum foil is not at hand, heat a lump of chalk on 
a piece of coarse wire gauze for some time After heating, 
shake the powder on to a damp, red litmus paper Obsene 
that the red litmus paper is, m places, changed to a blue colour 

ill Action -of acids of. chalk — {a) Hydrochloric acid — Place a few 
pieces of chalk in a test-tube and add some dilute hydrochloric 
acid Obsene that bnsk effervescence occurs, indicating the 
evolution of gas Test the gas by a glowing splint of wood and 
by a lighted match obsene that the lighted match is ex- 
tinguished If all the chalk has not dissolved add a little more 
acid When all has disappeared e\aporate the solution to 
dnness, and notice the white solid which results To some of 
this white solid add a Jew drops of water, and notice the extreme 
solubility of the solid Place the remainder of the residue in an 
e\aporating basin and leave it for a dav, after which, examine 
the basin and notice that the solid has liquefied, having absorbed 
moisture from the air and dissohed in this moisture It Ts, 
therefore, said to be deliquescent 

(/>) Nitnc acid. — Repeat the previous experiment, using nitnc 
acid instead of h\ drochlonc acid Yop will observe a similar 
brisk effen escence, and the evolution of the same gas, whilst, as 
before, a white soluble solid results 

(<r) Sulphuric acid. — Repeat the experiment, this time using 
sulphuric acid Notice that the effervescence is not as bnsk as 
in the previous case, and that the chalk does not dissolve, being 
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apparently unaltered Test the gas as before To see that the 
chalk is really changed, place a little powdered chalk m dilute 
sulphuric acid m a test-tube and after effervescence has ceased 
poui off the acid and to the powder add a little hydiochloric 
acid You will notice but little if any effervescence 

n Examination of marble — Examine marble as above also, and 
obsene that it appears identical with chalk 

Action of heat and acids on chalk — The more obvious 


properties of chalk were described on page 18 It was 
there pointed out that although heat has apparently no 
action on chalk, yet some action must take place, inasmuch 
as lime is obtained by heating chalk in lime kilns It is 
easy to prove by putting some powdered chalk upon a piece 
of moist, red litmus paper that this substance is unable to 
change the colour of the paper If, however, some 
powdered chalk be strongly heated on a piece of platinum 
foil in a laboratory burner, and then placed on a piece of 
moist, red litmus paper, the red colour is changed to blue 
The chalk undergoes some change w'hen heated, 01 it would 
not acquire this new' property 

Acids act on chalk, causing the evolution of a gas which 
does not support combustion and will not burn itself 
This gas may for the present be called 1 ha Ik gas The 
action of hydrochloric acid, or of nitric acid, is very vigorous, 
but that of sulphuric acid is less so The product which 
results is, m each case, a white solid, but that produced by 
the sulphuric acid is only slightly soluble in water, whereas 
those produced by the other tw T o acids are very soluble 
Indeed, the solid resulting from the action of hydrochloric 
acid on chalk is deliquescent and absorbs moisture from the 


air — owing to this it has been previously used for drying 
( gas under the name of calcium chloride Qx is owing to the 
(insolubility of the product formed when sulphuric acid acts 
Ijon chalk that the action appears so much less vigorous, 
('since the chalk soon gets coated with an outside layer of 


| this product which protects the inner portions) 
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Examination of ma r ble appears to indicate that this sub- 
stance, although much harder and denser is very similar to, 
if not actually identical with, chalk Eater experiments will 
prove that the tw o are Teally identical in composition 

i 

52 LIME V ’’ ' 

1 Examination of lime — Examine lime carefully according to 
the scheme of Chap II Test it with litmus paper and observe 
its alkaline nature 

li Action of water on quicklime. — Add a few drops of water 
to fresh lime , obsene that the mass gets \ery hot, swells up, 
and forms a white powder Examine tins pow'der and note that 
it still preserves the ordinary properties of lime, as indicated in 
Expts 52, 111 and u 

111 Action of heat on lime — Heat a piece of lime very' strongly 
by means of a blow pipe flame Observe that it glows very 
brightly, but that no other change is produced 

iv Action of acids on lime —Examine the action of the three 
acids on lime in precisely the same wav as you examined their 
action on chalk, obtaining also, by evaporation, the products, 
etc (Expt 51,111) 

Properties of lime - Lime produced by heating chalk or 
limestone, is a whitgj sphd, which, if heated sufficiently, glows 
and emits a brilliant whiteJight It is, on this account, 
employed for the production of the limelight, where a small, 
hard cylinder of lime is strongly heated m an oxy hydrogen 
or oxy-coal-gas flame 

When water is added to freshly burnt lime, or quicklime, 
as it is termed, the water combines with it with the evolution 
of a large amount of heat, sufficient to boil the water 
if the quantity of lime is large This can be seen at any 
time when bricklay'ers are preparing lime for making mortar 
This addition of water to lime is called slaking it, and the 
altered lime is known as slaked lime Lime dissolves to a 
slight extent in water, forming lime water 

Lime dissolves m acids, but without effervescence, it 
yields, however, solid ft oducts identical with those obtained from 
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chalk Thus, with lixdrpchlonc a,cid, the very deliquescent 
calcium chloride results, whilst with su l phuric a cid the but 
shghtiy^soiuFle white powder— called cal cium sulphate — is 
obtained , so that, as m the case of chalk, unless the acid is 
verj dilute and but little lime be taken, it will not dissolve 
and there will apparently be no action 

53. PREPARATION AND EXAMINATION OF CHALK 

GAS 

i Preparation of clialk gas — Into a flask 01 bottle, fitted like 
that in Fig 61, place some chalk Place the dclneiy tube in a 



Th Ci — PrepnrUion of chalk pis Tig C2 — Pouring chill gis don rmirds 


glass cylinder, or a jar w jth a wade mouth A disc of cardboard, 
through which the delnery tube passes, rests on the top of the 
jar Pour dilute hydrochloric acid down the funnel Dunng 
the effervescence a gas is gi\en off and collects in the jar 
When a burning taper is extinguished immediately it enteis the 
jar, take out the delivery tube and put it into another jai 
Coicr the first jar of gas with a disc of caid In the same way 
collect several jars of the gas 

11 Properties of chalk gas— (a-) Notice that the gas is (i) 
invisible, tasteless, and with but a faint smell , (2) that it 
extinguishes a l.glned taper , (3) that it must be hcai ler 
than air, or it could not be collected m the way described 

( 6 ) Pour the gas from one jar (tf) into anothei (A), as shown 
in the diagram (I ig 62), and test both jars by n lighted taper 
It will be seen that the low'er jai contains the gas 
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111 Acid solution formed by chalk gas — Pout a little watei made 
blue with litmus into a jar of the gas and shake it up Some of 
the gas dissolves, and the coloui of the solution turns a reddish 
puiple Boil the solution , the chalk gas is driven off and the 
blue coloui is regained 

iv Magnesium burns in chalk gas — Place m jais of the chalk 
gas, lighted sulphur, a tapei, carbon, 
and magnesium, and observe that all 
ue extinguished with the exception of 
the magnesium, which continues to 
bum with a crackling sound Examine 
the products of the combustion care- 
fully, and note the white powder which 
formed the fumes during the burning, 
and also the numerous black specks 
(Fig 63) Add a little dilute hydro 
clilouc acid, notice that the white 
pow'der readily dissolves, but that the 
black specks remained undissolved 
v Chalk gas obtained from marble — 
Collect in a similar manner a few jais of 
gas formed by the action of hydio- 
chloric acid on marble, and, by any, 
or all, of the abo\e tests, satisfy your- 
self that the gas evolved is identical 
with chalk gas 

F,G ne 6 ,?umm r c n i!ak°E f aT" s Preparation of bottles of chalk 
gas — The best way to prepare 
bottles, or jars, of the gas is to place pieces of chalk 
about the size of peas into a bottle fitted like that in 
Fig 61 Dilute hydrochloric acid is poured dowai the 
thistle funnel, and w'hen it comes into contact with the 
marble, or chalk, the gas is given off Enougli acid is 
poured in to cover the bottom of the funnel, so that the gas 
cannot escape up the funnel , it passes through the other 
tube in the cork 1 he gas given off is heavier than 
air, and can therefore be collected as shown in Fig 61 
As the gas accumulates in the jar, the air is pushed out at 
the top After several bottles, or jars, ha\e been filled, the 
properties of the gas can easily be examined The gas may 
also, if desired, he eollected over water as, although soluble, 
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its solubility is not sufficient to make this form of collection 
impossible, or inconvenient 

Properties of chalk gas — An examination of the gas 
shows that it is colourless and has but a faint smell As it 
is heavier than air it can be poured downwards just like 
a liquid (lug 62) 

Chalk gas is slightlj soluble in water, and the solution 
which is thus formed turns a blue litmus paper red, just as 
acids do You will notice, however, that the red colour is 
not as bright as that produced by most acids, but has a port- 
wme colour , the solution, although acid, is only a ver) 
weak acid In naming the properties of tins gas you must 
not forget that one which has been so frequently mentioned, 
namely, that it puis out the flame of a taper, or match , it 
is consequently called a non-supporter of combustion Al- 
though a non-supporter of the combustion of a match or 
taper — and indeed of most combus- 
tible bodies — it is very important to 
remember that magnesium wall burn 
in chalk gas, doing so with a crackling 
noise, and with the production of both 
white fumes and black specks winch 
nn\ with the white powder, and stick 
to the sides of the jar 

K?) 

K di r WEIGHT AND VOLUME OF 

CHALK GAS EVOLVED FROM 
ONE GRAM OF CHALK. 

1 Weight of chalk gas — Into a flask 
A (Fig 64) fitted with mdia-rubbei 
stopper and tubes, as shown, pour some 
dilute hydrochloric acid, and weigh the 
flask with the contained acid Weigh a 
small tube B (1) empty, (11) with some 
chalk Place this in the flask, taking 
cate not to allow the acid to reach the 1 10 c^—lo iilustntt 
inside of the tube Replace the cork 5 h ‘ 
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Read the temperature and pressure, and as m E\pt 49, 1 
correct the volume found so as to obtain the volume under 
standard conditions that is at 0° C and at 760 mm of mercury 
in Repetition witli marble — I lie above experiments maj be 
repeated, employ mg marble m place of chalk The same lesults 
arc obtained, confirming the view that marble and chalk are 
identical in their chemical composition 


Density of chalk gas — In a manner similar to that em- 
ployed in the case of lydrogen, the weight and the volume 
of chalk gas, evolved from one gram of chalk when acted on 
b) acids, may be readily determined It will thus be found 
that from 1 gram of chalk about o 44 gm of chalk gas is 
given off The value actual!) found will probably be a little 
less titan this , but, if the chalk is perfectlj pure, the above 
value will be obtained The volume of chalk gas, when 
corrected so as to give the volume at standard temperature 
and pressure is 223 cc This volume is obviously the 
volume occupied bj 044 gram, and we can hence readily 
calculate the weight of one cubic centimetre of the gas 1 he 
values actually obtained by experiment should be employed 
for the calculation — they will probably both be less than the 
above numbers owing to impurities in the chalk, but the 
value for the weight of 1 cc of the gas should be very 
nearly correct Employing the above numbers it is evident 
that 223 c c of chalk gas weigh 044 gm and hence that 


j cc of chalk gas weighs 


gm , that is 000198 gm 
223 


1 he abspj u tc jdensjty of chalk gas therefore is o ooigSjpu 
per c c. Fo determine thc~density compared with that of 
hydrogen it is necessary to divide this numbei by the weight 
of 1 c c of hydrogen, 1 e o 00009 6 m We hence obtain 
the number 22, so that chalk gas is 22 times as heavy as 
hydrogen Jt is easy to venfy this by determining dvecily 
the density of the gas in the manner described in the next 
experiment 


/ 
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55 DIRECT DETERMINATION OF THE DENSITY OF 
CHALK GAS 


i Experimental determination. -To i flask of about 200 cc. 
capacity fit an India rubber stopper with 2 holes Jhrough 
these pass two glass tubes bent ,tt right angles one, passing 
to the bottom of the flask, the othci />, terminated just below 
the indi i rubber stopper Close the outer ends of the two tubes 
b\ means of pieces of india-rubber tubing fitted with pieces of 
glass rod (I lg 65) Dn the flask thoroughly be heating it and 
aspirating through it a current of air, and, when the flask is 
perfeeth dn allow it to cool Close the ends of the tubes A, R, 
and carefully weigh the fl isk and tubes Nest 
fill the flask with dry chalk gas prepared 
In the action of hydrochloric acid on chalk 
or marble, and dried by passing through a 
tube of calcium chloride. 1 he gas should 
enter the flask b\ the tube A which retches 
to the bottom of the flask (a gas lighter than 
air should be allowed to pass in bj the short 
tube R II /n 5 ) and should pass for se\ oral 
minutes so that the flask shall certainly be 
completcU full of the chalk gas The flask 
is then disconnected from the generating and 
dn mg apparatus the ends of A and A closed, 
and the whole igain weighed The volume 
* of the flask should be found b\ completely 
filling the flask and tubes with water and 
pouring the water into a graduated evlinder 
The temper iture of the laboraton and the atmospheric presstue 
should be read and the dcnsit\ calculated in followang manner 



Temperature, 1 5° C 
Volume of flasl - 
Corrected volume, 

Weight of 1 c r of air. 
Weight of 210 c c of ur 
Weight of flask full of air, 
Weight of contained air, 


Pressure, 752 mm 

224 c c 
210 c c 
000129 gm 1 
o 271 gm 
56421 gms 
o 271 gm 


Weight of flask if emptv, 


56 1 50 gms 


11 mis wught has not neen previously obtained during a Phvsics 
course, the flask mav tie first weighed full of drv hvdrogen, the weight of 
each cubic centimetre of which is known to lie o 00009 gm 
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Weight of flask full of chalk gas, 

- 56 565 

gms 

Weight of empty flask, 

- 56 150 

gms 

Weight of chalk gas, - 

0415 

gm 

2ro c c of chalk gas weigh, 

0415 

gm 

icc „ „ weighs, 

0.415 

210 

gm 


=000198 gm 

Density of chalk gas o 001 98 gm pei cc 


Density of chalk gas determined directly — The density 
of any gas may be determined directly in the manner 
explained in E\pt 55 It is necessary to determine the 
weight of a known volume of the gas If a flask, the 
volume of which is known, could be weighed perfectly 
empty, and then full of the gas, the weight of the 
contained gas would of course be at once obtained 
The flask employed, however, is full of air, and it is 
not easy to obtain it quite vacuous, so that the weight 
of the empty flask must be obtained by subtracting the 
weight of the contained air from the weight of the flask 
when filled with air If the weight of one cubic centimetre 
of air has not been determined, the flask may be first filled 
with hydrogen and the weight of the contained hydrogen 
subtracted from the weight of flask and hydrogen An 
additional weighing of the flask full of air will also suffice to 
give the v eight of one cubic centimetre of air, so that in 
future, similar experiments, it will not be necessary to fill the 
flask with hydrogen When the weight of the empty flask 
is known, it is evident that the difference between this 
weight and the weight of the flask full of chalk gas, must be 
equal to the weight of the chalk gas, and as the volume 
contained by the flask is known, the necessary connection 
between volume and weight has been obtained and the 
density of chalk gas can be estimated It-is, thus found 
tha±_ckal.k_.g as is ^22 times as heavy as hydrogen^ It is 
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hence nearly i J - times as h eav) as o xygen, the density of 
winch, compared with hjdrogen, is 16, a result m accord 
with the previous indirect determination of the density 


QUESTIONS ON CHAP \I 

1 A lump of lime and a piece of chalk are gnen \ou the\ are much 
alike in appearance , how would )ou determine which was lime? 

2 Describe careful!) what takes place when water is poured upon a 
piece of quicklime 

3 How would you pro\e that lime is soluble and chalk insoluble m 
pure water? 

4 When water is poured upon quicklime w<? belieie that the) unite 
together What are the reasons for this belief? 

5 Know mg that chalk consists of lime and a gas which puls out 
flames, how would tou set to work to find out the amount of the former 
in a lump of chalk gnen )ou? 

6 Describe the apparatus jou would use for the preparation of 
chalk gas 

7 How would )ou collect some of the gas without a pneumatic 
trough 7 Could h)drogen be collected in this wa> 7 

S If h)drogen is being collected without a trough, wh) do )ou not 
collect it in the same wa) as chalk gas? 

9 Describe experiments to show the high densit) of chalk gas and 
its effect on combustion 

10 Describe an experiment to determine the quantita of chalk 
gas which is eiolved b\ the action or acid upon one gram of 
chalk 

II Chalk is i er) commonly found in drinking waters How do vou 

account for this 7 

12 What is the behaviour of (a) cold water (?) hot water towards 
quick lime, common salt, saltpetre, and anh)drous copper sulphate 
respectneh 7 




CHAPTER XII 

EXAM IX V I ION OF CHALK {lontinucd) 

Thl nature of the change produced by heating chalk must 
be ne\t examined, and the student should verify the state- 
ment that the product so formed is lime 

56 ACTION OF HEAT ON CHALK 

i Heating: of chalk. — Weigh a ciucible and in it place some 
powdered chalk Heat it in a muffle furnace at a bright red 
heat for a few hours, allow it to cool, and again weigh Calculate 
the loss or gain for one grain of chalk 

u Examination of product. — Carefullv examine the product and 
repeat all the experiments pieviously performed with lime 
(p 134), carefully comparing the results 

in Heating- of marble. — Repeat Expl 56, 1 , u , employing 
marble instead of chalk 

Action of heat on chalk — It is found by heating a 
weighed quantity of chalk that the product formed, which 
examination proves is really lime, weighs considerably less 
than the original chalk, the loss being about 44jie!icent , so 
that one gram of chalk loses 044 gram when strongly 
heated It is clear that something has been driven out of 
the chalk by heating it It was previously observed, that 
when lime is treated with acids, the products formed are 
identical with those obtained by the action of acids on 
chalk, but that no gas is evolved , whereas, with chalk a gas 
—chalk gas— is evolved with brisk effervescence These 
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facts seem to indicate that the difference between lime and 
chalk, might be that the chalk contains this gas united with 
lime, and that the heating of the chalk drives off this gas 
As the gas is also driven off by the action of acids on chalk, 
if the above explanation is correct the same loss of weight 
should be found when chalk is heated as when it is acted on 
by an acid The experiments performed have shown that 
this is actually the case, the loss being o 44 gram per gram of 
chalk It seems, therefore, that chalk is made up of lime 
and chalk gas, and that the latter may be driven off by the 
action of either acids or heat It is hence possible that 
under suitable conditions lime and chalk gas might unite to 
form chalk, both being somewhat soluble m water the 
addition of the two substances 111 solution w'ould be most 
likely to effect this union 

57 ACTION OF CHALK GAS ON LIME-WATER 

1 Action of chalk gas on lime-water —Prepare some chalk gas 
b\ the action of acid on chalk, and pass the gas from the 
delnerv tube through some lime water Observe that a milhi- 
ness is produced, owing to the production of a white powder or 
/>> capitate, which disappears after a short time 

Boil the solution thus ob- 
tained, and notice that the 
milkmess again appears 
Filter the milki solution, 
and so obtain the white 
powder on a filter paper Add 
a few drops of dilute h\dro 
chloric acid to the powder 
Notice the effen escence 
Test the gas which is gnen 
off, it puts out a flame 
11 Action of gas from heated 
chalk on lime-water — Place 
some chalk m a hard glass 
tube, fitted with a cork and 
delnery tube Heat very 
stiongly by means of a blowpipe flame (Fig 66), and pass the gas 
eiolved into a test-tube of lime water, and proceed as in Expt 57,1 
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m Action of chalk pns on milk of lime-- Mix some powdered 
lime with water so ns to obtain a white, milks liquid which con- 
sists of l saniriucl solution of hmc with an e\cess of suspended 
hmc Pass through this mil! af hn.t , contained in a test-tube, a 
bnsh current of < balk gas for about half an hour Filter the 
liquid and csinnm the product compaimg c.uefullj the action 
of acids upon it and upon tlialh 

Effect of chalk gas on lime-water —11 hen chalk gas is 
passctl through a clear solution of lime (called lime-water) a 
white pre< ipitatc is obtained 1 his disnppeirs when the pas 
passes through for a longer period, owing to the fact that 
the precipitate is soluble in a solution of chalk gas 
On boiling the liquid however, the chalk gas is dmen 
off from the solution and the 1 white solid is again pre 
cjpitated V larger quantity ol the precipitate ma\ he 
obt lined if milk of lime is employed instead of lime 
water, and it ma\ then he examined, when it is found 
to he chdk offers est mg with acids and giving the same* 
products as were previous!) obtained from chalk '1 he 
gas gi\en off from rhalk by heating ma> be similarly 
treated and so compared with chalk gas, and it is found to 
behave in a precast lv similar m inner and to he identical 
with the gas dmen off from chalk In the action of acids 
If sufficient gas can he obtained h> heating chalk, the gas 
mi, be collected over water and its properties in other 
particulars compared with those of the gas obtained bj the 
action of acids (E\pt 53) The action on lime water is, 
however, the most certain test for this gas, and the pro 
duction of the milkiness in lime water mnj he regarded as a 
sure evidence of the presence of the ch ilk gas We may 
now v ate 

ChfdfjsuJwt/>osi tLof hmc and (AalL^ti’t. 

and also 

J11 win ti pn, June atul-chaU^as tunic Jo faunjjia.ll 
Some lime will also slowly unite with chalk gas even when 
not dissolved, and if exposed to chalk gas for 1 con- 
J c k 
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siderable time will be found to contain a fair quantity of 
chalk 


58 COMPOSITION OF CHALK GAS 

I Burning- of magnesium in chalk gas — Repeat E\pt 53,11, and 
to the jar in which the magnesium has burnt add a little dilute 
hy di ochlonc acid , shake w ell and pour into a test lube Observe 
that the white powder has dissolved and the black specks fall to 
the bottom of the tube Pour off as much as possible of the 
liquid, leaving the black specks in the tube , add a little water 
and again pour off Heat and continue to heat aftei the liquid 
has boiled awav , observe that the black specks glow and ulti 
mately disappear Cirefully consider what this experiment 
suggests legarding the compositiomof the chalk gas 

II Burning of magnesium in oxide of carbon. — Fill a jar with 
oxygen and burn in it a piece of carbon, employing a deflagrating 
spoon, which should be kept tightly piessed on the top of the jar 
When the carbon ceases to glow brightly, remove the deflagrat- 
ing spoon and close the mouth of the jar by a greased glass 
plate Light a piece of magnesium ribbon and lower it when 
burning into the jar of oxide of carbon Observe that it con- 
tinues to burn Compare carefully this experiment with the 
burning of magnesium in chalk gas, examining the products m a 
similar manner 

III Action of oxide of carbon on lime-water — Piepare a jar of 
oxide of carbon as 111 Expt 58, 11 , and pour into the jar a little 
lime-water Shake well, and observe the formation of the white 
precipitate Pour the milky liquid into a second jar of oxide 
of carbon, and observe that it again becomes clear (If 
necessary a third jar may be employed The important point to 
be observed is that at first a milkiness is produced which, by 
the further action of oxide of caibon, disappears , the two 
actions may of course take place in the first jar) 

Boil the clear liquid and observe the reappearance of the 
precipitate, ic the chalk 

Add a little acid and observe that the precipitate dissolves 
w ith slight effervescence 

Chalk gas is oxide of carbon 1 — When magnesium burns 
in chalk gas two products are obtained, ( 1 ) white fumes, 

1 Tn order to avoid misapprehension it is well to note that this gas 
which is here called ‘oxide of carbon’ is also, and, more properly, 
called caiboi dioxide, and also cat borne acid gas 
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and (2) black specks The fumes resemble those formed 
by the combustion of magnesium m air or oxygen, and if 
they are really of the same nature it is clear that the chalk 
gas must contain oxygen Sulphur and other combustible 
substances, however, will not burn m the gas, and, therefore, 
if oxygen is present it must be already combined with some 
other substance, from which it is only with difficulty 
liberated The black specks may perhaps be this other 
substance, and it is found that they are insoluble in water or 
acid, and that they glow and disappear when strongly 
heated In this they resemble carbon, so that it seems 
probable that the chalk gas contains oxygen and carbon, or 
that it is oxide of carbon In order to see whether this is 
really the case, oxide of carbon should be compared with 
chalk gas Oxide of carbon may be readily obtained by 
burning carbon in a jar of oxygen Magnesium burns in 
oxide of carbon with similar white fumes and black 
specks as are obtained by its combustion in chalk gas 
Oxide of carbon has also the same action on lime w r ater, 
giving a precipitate of chalk, which is redissolved w r hen excess 
of the gas is passed in It may be further noticed that the 
action of both gases on litmus has been previously found to be 
identical (Expts 38, vi , 53, 111 ) The gases are indeed 
identical, and repetition of any tests would all lead to the 
same result, viz that chalk gas is oxide of cai bon So that 
we may now write 

Chalk consists of lime and oxide of cm bon 


QUESTIONS ON CIIAP XII 

1 A sample of chalk yielded 132 grains of quicklime ivhen strongly 
heated , what was the weight of the sample taken? 

2 Calculate the weight of lnnc and carbon dioxide respectively m 
a cwt of chalk 

3 Of what substances does chalk consist f Gn e full reason for ) our 
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answer Give the names of substances having a similar composition to 
chalk 

4 What happens when chalk is exposed to great heat? Describe a 
different method of obtaining one of the products 

5 When carbon dioxide is passed into lime water, the latter 
becomes first turbid and afterwards clear Explain the chemical 
nature of the causes of these changes 

6 How would you show that chalk consists of lime and carbon 
dioxide ? 

7 If \ 011 were given samples of limestone and rock salt, how would 
v ou proceed to obtain from them pure specimens of calcium carbonate 
and common salt respectiv eh ? 

S When oxygen is led over strongl) heated charcoal and then into 
lime water, a white precipitate is produced How would you set to 
w ork so as to place be) ond doubt the nature of the precipitate ? 




CHAPTER XIH 


o\im: Ol C \KKON IN I*HL \JMOSI j HIRE 

59 RECOGNITION OF ATMOSPHERIC OXIDE OF 

CARBON 

j Oxide of carbon is produced bj a burning candle - (<?) Rum .a 
rantHc or taper m a cle m dn white bottle {Fig 4°) Aftei the 
flame has been extinguished withdraw the tapci Pour a little 
mule lime u iter into the bottle mil >-)> iht it up Notice 
the milhmoss of the hmc water 

(/>) Cut t long, thin chip of wood, hold it in the flame of a 



1 iboraton burner until it bums bright!), then ilmtst it into a 
olmclcr or bottle, the bottom of winch is coicrtd with lime 
w iter to the depth of ahou> an inch When the stick ceases to 
burn, withdraw it and shale the lime water 

n Oxide of carbon produced by breathing — (a) Plow through a 
piece of glass tube into some clear, freshl) made lime-water 
contained in a wine glas., or tumbler Milkiness is at first 
produced, but if the blowing is continued long enough it b> and 
b) disappears (I ig 67) 
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{b) Repeat the pieceding experiment by blowing air from 
a bellows instead of from the lungs Notice that this un- 
breathed air has not the same effects upon lime-watei as 
breathed air, inasmuch as the lime water is only very slowly 
turned milky 

in The air contains oxide of carbon. — Pour some clear lime-water 
into a blue dinner plate, or some other shallow vessel of a dark 
colour Leave it exposed to the atmosphere for a little while 
Notice the thin white scum formed on the top The oxide of 
carbon in the air has turned the top layer of liquid milky 



Fir 69 — Production of oxjgen by the action of plnnts* 

iv Character of air changed by breathing —Fit two bottles with 
corks and tubes, as showm in Fig 68 See that the corks are 
air-tight Put some clear lime w ater into each bottle Place 
the tube C, or an india rubber tube leading from it, in your 
mouth When you suck at the tube, air is drawrn in through the 
glass tube which dips into the lime water m the bottle A 
When, how ever, vou blow' instead of sucking, your breath passes 
out through the tube which dips into the lime water in the bottle 
Z> Notice that the lime-water m A remains almost clear, but 
that in B is rendered milky by the air you bieathe out You thus 
see that fresh air has little effect upon lime-water, but breathed 
air quickly turns clear hme-w ater milky 

' v Oxygen produced by action of plants — Take a bunch of fresh 
watercress, water crowfoot, or am aquatic plant, and put it into 
a beaker, or glass jar, completely filled with w-ater _saturated 
with oxide of carbon _Co\er the plants with a funnel nearly 
as wade as'tHe'jar, as shown m Fig 69 Fill a test tube 




OXIDE or CARBON IN THE ATMOSPHERE 


>51 


with water, and invert it over the funnel If properly managed 
there should at first be no gas in the test tube Place the jar in 
bright sunlight for an hour or two, and then examine it You 
will notice bubbles of a gas have collected at the top of the tube 
Test the gas w ith a glow ing splinter of wood It is found to be 
oxygen . 1 

\ i Plants in sunlight and in darkness — Repeat the last 
experiment, but, instead of putting the bottle m bright sunlight, 
place it m the dark Observe that in such circumstances no 
bubbles of oxj gen are formed 

Oxide of carbon formed by burning a candle — The lime- 
water test for oxide of carbon is a very convenient one, and 
by its means we are enabled to detect w ith ease the presence 
of this gas We find that if a taper, a piece of wood, coal- 
gas, or oil, etc , bums in an enclosed space oxide of carbon 

1 A suitable form of apparatus for demonstrating to a class the fact that 
plants evolve oxvgcn, is the following (which appeared as an nbstiact in 
The School IVor/d) A reccu er holding two or three litres is emploj ed, 



and into this a considerable quantity of an aquatic plant is introduced 
(Fig 70 A) Ihe water is thorough!) charged with oxide of carbon, and 
the plants are then exposed to the sunlight Little streams of gas are 
seen to pass upward from various points, and when sufficient gas has 
collected at the top of the flask, the latter is immersed in a tank of 
water in a horizontal position in such a manner that the gas is directly 
under the opening (Fig 70 B) On turning the stop cock and applying a 
splinter of wood with a spark on the end of it, the gas will be found to 
be oxj gen T 
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is produced, for lime water is soon turned milky if shaken 
up in the jar in which the burning takes place 

Oxide of carbon given off in breathing — If a person 
blows with the mouth into clear lime water, the lime water 
is turned milky This is another important fact It is 
clear that oxide of carbon escapes from our lungs in breath 
mg And so it does from every animal Not only, then, 
do all cases of ordinary burning cause the addition of 
oxide of carbon to the air, but also eveiy act of breathing 
It does not matter how small the animal is, all the time it is 
alive it is continually adding to the atmosphere a ceitain 
amount of this gas, the presence of which can be detected 
bj its action in causing turbidil) in clear lime-water 

Oxide of carbon m the atmosphere — It is clear that inas 
much as all animals are continually pouring into the atmo 
sphere a quantity of the oxide of carbon, thur action being 
supplemented by coal fires, the burning of oil, gas, etc , the 
atmosphere must contain a quantity of this gas That this is 
so is seen by Expts 59, 11 , 111 , air drawn through lime-water 
slowly causes milkiness, whilst when exposed to the air in 
a shallow vessel (so as to expose a large surface) lime-water 
soon becomes coated W’lth a film of chalk The quantity of 
oxide of carbon in the air is, however, very small propoi- 
tionally, about 003 per cent or 3 parts in 10,000 This 
appears surprising when the enormous number of agencies 
by which it is produced is considered 

Action of plants — One reason why there is never very 
much oxide of carbon in the air out of doors is because 
there are agencies continuously at work getting rid of this 
gas The chief purifying agent is the green parts of plants 
which occur everywhere 

When fresh watercress is put into a bottle completely full 
of water containing oxide of carbon in solution, and the 
bottle is inverted in a basin of waitei without allowing air to 
get into the bottle, it is found that, when the bottle and its 
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contents arc exposed to bright sunlight, bubbles of gas 
collect at the top ot the bottle '1 hese bubbles, when tested, 
are found to be pure ox)gcn If, however, the bottle with 
the cress m it is kept in the dark, no bubbles or ox)gui 
collect Or, if a bottle of water in which oxide of carbon 
is dissolved be put m the *atn, without an) wateienss, no 
0 \) gen collects m the top of the bottle 

In other woids two things are neeess.tr) fertile form it ion 
of the hubbies oloxvgui eollected from the green plants as 
described 1 he) are (i) the greem \egctation, (a) the sun- 
light 1 he same conditions have been found aluavs to hold 
true, thus proving tint g/ c< n plants tn tin fnnua of (night 
sunlight ha, < flu pmvti of furm/u, ow^tn out of o\nU of car- 
bon ^ 1 lie) 1 cep the (. trboil lol themselves, and it helps 
them to grow 

The balance of nature — 1 he wonderful relation between 
minute and plants in regard to th< ir action upon the air, is 
a beautiful example of the wa) in whieh nature provides for 
one chss of its creatures even out of the le’fuse* of anothet 
Animate b) their breathing arc continuall) using up the 
ox)gcn and returning to the atmosphere the compound 
oxide of carbon — a gas which is fatal to animal life On 
the other hand, plants take in the oxide of carbon, and, m 
the presence of sunlight, jhc green material in their leaves 
Cjn spin up the gas into the two simpler substances of 
which it is built, namely, carbon md oxygen '1 he carbon 
the plants keep for themselves, the ox)gcn they do not 
use, and return to the atmosphere again In this wa) 
plants help to keep the atmosphere in a suitable condition 
for the healthy life of animate 

It must not be thought, however, that tins is the onl) 
action of plants and that they do not require any oxygen 
They also, like animate, require oxygen, but then action in 
this respect is more than compensated m sunlight b) their 
decomposition of the oxide of carbon 
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QUESTIONS ON CHAP XIII 

1 Give a brief account of the part play ed by carbon dioxide in the 
economy of nature 

2 By what means would you prove the presence of carbon dioxide 
in atmospheric air and expired air ? 

3 If two bottles were given you, in one of which phosphorus had 
been burnt, and m the other a candle, how could you decide which 
bottle was used for the phosphorus ? 

4 Describe a senes of experiments you would make to illustrate the 
differences m the composition of ordinary air, dissolved air, and expired 
air 


CHAPTER XIV 


COMPOSI 1 ION OF OXIDE OF CARBON 

60 EXPERIMENTAL DETERMINATION 

i Passing oxygen over a weighed amount of carbon. — Place a 
comcment amount of elm coal 1 in a vide, hard glass tube fitted 
with smaller tubes passing through indta-uibber stoppers It is 
comcment to pi ice also loose plugs of asbestos between the 
charcoal and the stoppers Weigh the tube with its stoppeis 
and contents Arrange three U-tubes as shown , the first con- 



taining calcium chlondc or sulphuric acid (to dry the gas) the 
second a strong solution of caustic soda, and the third lumps 
of the sue of a pea of the same compound Weigh the two last 
U -tubes with their eontents and fittings Join the apparatus as 
shown m Fig 71 Heat the charcoal m the hard glass tube to 
redness, and pass dry oxygen o\ci it from a gas holder previously 

Charcoal employed in quaniitatnc work must alwajs be strongly 
heated beforehand, as it almost alwajs contains a considerable quantity 
of moisture 
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filled with oxvgen Aftci the experiment has gone on for ten 
minutes, disconnect from the oxygen supply, and remove the 
burners Disconnect the app trims, and again weigh the U- 
tubes When the hard glass tube is cool, weigh it igain also 
Notice that the U-tubes ire hea\ icr, whilst the h trd glass tube 
and its contents weigh less than before Calcul ite the quantity 
of oxide of caibon pioduccd fiom one gi im of charcoal For 
cveiy giam of charcod used up, it will be found that 33 giams 
of oxide of caibon aic absorbed b\ the caustic soda 

11 Composition of oxide of carbon, second method —(d) Weigh .1 
small crucible, place in it i few pieces of ch ireoal which have 
been previously thoroughly heated to dine off any moisture 
they contain Obtain thus the w eight of the charcod Heat 
the crucible stionglv until the ch ireo il has completely burnt 
aw vy, leaving only a white ash m the crucible Weigh the 
crucible and ash, and by subti acting the weight of the crucible 
find the weight of the ash Calculate the percent lge of ish in 
the charcoal 

(/>) Weigh a hard gl iss tube containing a qiuntitv of powdered 
oxide of lead, t c litharge, and add to it some of the charcoal 
employed above, but in the powdered form, (the weight should 
onlv be about one hundredth of th it of the oxide of lead) 
Weigh the tube again and so obtain the weight of the charcoal 
Thoroughly mix the two powders in the tube, taking care, 
however, to lose none, and then heat stronglv' foi some time 
The tube will be found to weigh less than before The loss 
is the oxide of caibon, foimed fiom the carbon and the oxy’gen 

of the oxide of lead Calculate the oxide of carbon formed 

from one gram of carbon, taking care to allow for the ash, thus 

Weight of tube, lead oxide, and charcoal, 79 895 gms 
Weight of tube and lead oxide, - 79 784 gms 

Weight of charcoal - - o II 1 gm 

Pei centage of ash prev lously found, - = 8 3 per cent 

Pure caibon, - - =0111 x 917 gm 

—o 103 gm 

\\ eight of tube, lead oxide, and chaico il, - =79 S95 gms 

, , „ „ aftei heating, =79522 gms 

Weight of oxide of carbon ei olv ed, o 373 gm 

o 102 gm carbon forms o 373 gm oxide of carbon 

1 gm caibon „ °-^ 3 gms „ „ 

o 102 

= 3 66 gms 
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Composition of oxide of carbon — We may now consider 
how the quantity of o\>gen and carbon present in oxide of 
carbon can be determined To do this we must find the 
weights of two of these three substances, (x) carbon, (2) 
oxygen, (3) oxide of carbon The weights most easy to obtain 
are those of the carbon and the oxide of carbon , the weigh- 
ing of the carbon offers no difficulties, but to find the weight 
of the oxide of carbon it will be necessary to absorb it by 
some suitable substance The most convenient is the sub- 
stance known as caustic soda, a strong solution of which 
rapidly absorbs the gas If, therefore, oxygen be dned and 
passed, in a gentle current, over charcoal strongly heated m a 
hard glass tube, oxide of carbon will be produced, and can 
be absorbed in U tubes contain ng caustic soda It will be 
found that the tube of carbon loses in w'eight, the loss being 
the quantity of carbon which has been burnt , the U-tubes, 
however, gain in weight, the gain being the quantity of 
oxide of carbon produced Tht following m an example 
of such an experiment 

Weight of tube of carbon before experiment, =35 672 gnis 

Weight of tube of carbon after experiment, =35 438 gms 


Loss = carbon burnt, 


= 0 234gm 


Weight of U-tubes aftei expei iment, - =42 970 gms 
Weight of U-tubes befoie experiment, - — 42 1 14 gms 


Gain =oxide of carbon, = o856gm 


0234 gm of carbon foims 0S56 gm oxide of carbon 

1 gm 0 8 5 6 

8 ” ” o 234 ” ” ” 

=3 66 gms 


The determination may also be made b\ heating a know’n 
weight of carbon with some oxide w'hich can give up 
oxygen to the carbon — lead oxide will serve the purpose 
If this is done, then the total loss of w'eight is the weight of 
the oxide of carbon which has been evolved 
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Care must be taken, however, to allow for the ash whicn 
is always contained in ordinary pieces of charcoal, and the 
quantity of ash must be found by means of a preliminary 
experiment This having been done the results are obtained 
in the manner shown in E\pt 60, 11 

It is hence found that 1 gram of carbon forms 3 66 grams 
of oxide of carbon We have already found that 1 gram of 
chalk contains o 44 gram of oxide of carbon , this, therefore, 


is made up of gm of carbon and the remainder 
3 66 

oxygen This wi ll be found JQ-UeId-J3.i-2_.uram ..carbon and 
o 32 gram pxygen_,_soJ.hat_we _now_hnow j_gram„of_chalh_is 
cproposed_-QL.9_56^gram_p_Mime, o i2_gram of carbon, and 
o_32_ grain _ofoxygen 

Oxide of carbon contains its own volume of oxygen — dt 
has been found, that r litre of oxide of carbon weighs 

that 


1 98 grams 
1 

3 66 


(p 141), and it is now' knowm that of this 
- 

The weight of oxygen 


1 is carbon and 2 ^ is oxygen 
3 66 


m one litre of oxide of carbon ls-tberefore — ^ x 2 -- gms 
" “ 1 " 3 66 

that is 1 4a gms B ut this has be en previ ously found to be 

die weight of 1 litre of oxygen hence. appears that one 

litre of oxide of carbon contains one litre of oxy'gen, in 

other words, oxide of carbon contains^ its_own _yolume 

of ox ygen There is, therefore,, no changejn .volume when 


carbon burns in oxygen, _the_ oxide _of carbon jproduced 
occupying the same volume as the oxygen (rom_ which jt 
was produced 

(This last statement may be readily aerified experiment- 
ally, and it affords a good practical exercise for the student 
to devise apparatus and carry out the experiment ) 

Elements and compounds — It wall probably have been 
noticed at this stage that a number of substances have been 
examined which have been altered or changed into new 
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substances by the action of acids or of heat Thus, by 
heating we have obtained lead oxide from lead, copper 
oxide from copper, potassium chloride and oxygen from 
potassium chlorate, oxide of carbon from carbon, lime and 
oxide of carbon from chalk, etc. Now if these changes are 
examined it will be found that they may be divided into tw r o 
classes 

' First, those in which a__new product is formed which 
weighsjnoje than the original, so that the original substance 
has combined with some other substance to produce the 
new compound — such a process as a combination 

In the second class of reaction the substance has yielded 
tw’o orjnore products each weighing less than the original, 
the process has been one of decomposition 

Now some of the substances examined have never been 
found to undergo the second class of change Thus, from 
copper we cannot get two or more products each weighing 
less than the original copper, and together making up the 
weight of the copper, as we did m the case of chalk 
Similarly m the case of zinc — the zinc oxide obtained by 
heating zinc m air, the zinc sulphate obtained by the action 
of sulphuric acid on the metal, etc , all weigh more than the 
original zinc Such substances which cannot ._be- decom- 
posed in to two or jmore simpler substances are termed 
elements Thus, zinc, lead, copper, tin, mercury, ox-ygen, 
hydrogen, carbon, iron, nitrogen are all regarded as elements 
Should at any time some chemist succeed in decomposing 
one of these elements into two or more substances, then that 
so called element would no longer be regarded as such Up 
to the present, however, none of those substances we regard 
as elements has been so decomposed 
Substance ududymn-b e decomposedare-called compounds, 
and examples which we have studied are oxide of carbon, 
oxide of copper, and m fact all the substances knovm as 
oxides, potassium chlorate, chalk, etc 
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I Such compounds ma\ be divided into classes— thus all 
jthose which consist,oLo\vgetijinited vnth another element 
are termed and all substances-wh ich rese mble' chalk 
m con taining oxide o f carbon united with another substance 
The analogue of the lime, and~^ne^ofTlTTi s~~ oxid elor carbon 
pulieti treated with an acid are ~ierm&d~ca7fona/es Some of 
('these carbonates should ne\t 'be'CCaimnecI " 

QUESTIONS ON CH-VP XIV 

1 What is the weight of owgen contained in 20 litres of n\ide ol 
carbon ’ 

2 Calculate the volunit and weight of oxide of carbon produced In 
the combustion of 5 grams of caibon 

3 What fl) weight (2) volume of ox)gen is necessarv for the 
complete combustion of t5 grams of carbon ’ 

4 Calailate the weight of carbon presem in 1 ewt of chalk 

5 F\plam clearlv the meaning of the terms, Llement and Compound 
Wh\ warn Id \ou consider chalk to be a compound, but nnc an element’ 

What reasons have vou for stating that oxide of carbon contains its 
own volume of owgen’ Devise a method for testing this statement 
experimental!) 

7 Assuming that the carbon umk! in question 3, contained 9 4 pci 
cent of ash, what volume of owgen would then be neces^arv ’ 

S Calculate the percentage composition of oxide of carbon 
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CARBONA"! ES 

G1 EXAMINATION OF TYPICAL CARBONATES 

i Sodium carbonate, soda crystals, or washing soda. — (a) Examine 
carefully according to the scheme on p 13, some washing soda 
crvstals Obsene that when heated the crystals gnc off watei 
of crystallisation and form a white powder Try the effect of 
acids on the crystals and on tins white powder Observe the 
effervescence, and test b) means of lime water the gas evolved 
Observe that this gas is oxide of carbon, and the substance is 
therefore a carbonate 

( 6 ) Heat the white powder strongl) and again test with acid 
Observe that the gas is still evolved and, therefore, has not been 
driven off b) the heating 

II Copper carbonate — Examine according to the scheme on 
p 13 Note ver> carefully the action of heat, and test with 
lime-water the gas evolved Observe that the same gas is 
evolved when the substance is treated with an acid 

(1 h ) Examine carefully the black powder left after heating It 
dissolves in acid without effcrv escencc, the oxide of carbon has 
theiefore been driven off b> heat 

( c ) Compare it with other black powders you know of, as for 
example soot, oxide of copper, manganese dioxide, observing 
carefully the action of acids on each Satisfy youiself that 
the black powder is oxide of copper 

III Lead caroonate —Examine lead carbonate in precisely the 
same mannei as the copper carbonate Compare carefully with 
oxide of lead (litharge) the pi oduct left on heating The effect of 
strongly heating is so characteristic that no doubt as to the 
identity of the two will remain 

J C l 
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iv Zinc carbonate — (a) Examine as before Note veij care- 
fulh that the substance left after heating is vellow when hot, but 
becomes white again on cooling This was found (p 31) to be 
chaiacteristic of oxide of zinc 

(6) Compare, therefore, this product with oxide of /me, noticing 
the action of both on moistened litmus paper, — it is distinctlv 
alkaline. Compare the action of sulphuric and hvdrochloric 
acid on both 

Composition of other carbonates — All carbonates do not 
decompose on heating 1 hus, the ordinary soda crj state, or 
washing soda, may be readily proved to be a carbonate as 
they give off oxide of carbon copiously when treated with an 
acid These crystals contain water of crystallisation which 
is given off when the crystals are heated, and a white 
powder remains It might be thought that this would he 
the analogue of lime, hut treatment with an acid shows that 
this is not the case, and that the white powder still contains 
the oxide of carbon, the only thing driven off by heat 
from the crystals being the water The white powder left is 
the dry, or a/ihi droits, sodium carbonate 

Copper carbonate is a green powder which is insoluble 
in water In acids, however, it dissolves very readily with a 
copious evolution of oxide of carbon and the production ot 
blue or green liquids When heated, copper carbonate loses 
oxide of carbon, doing so far more readily than chalk m 
similar circumstances, and leaves behind a black powder 
This black powder may be readily proved to be oxide of 
copper by comparison with some of the latter compound 
Copper carbonate, therefore, consists of oxide of carbon and 
oxide of copper 

Lead carbonate is a white insoluble powder which, like 
copper carbonate, gives off oxide of carbon when treated 
with an acid When acted upon by either sulphuric or 
hydrochloric acid, however, the other product formed is 
almost insoluble in cold water, and the lead carbonate 
appears therefore to remain undissolved On heating, lead 
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carbonate also readily decomposes, with the evolution of 
oxide of carbon, while litharge, or oxide of lead, remains 
This litharge is readily recognised by fusing, when heated, 
to a dark brown liquid, which on cooling changes to a 
bright yellow, glassy solid Lead carbonate, therefore con- 
sists of oxide of carbon and oxide of lead 

Zinc carbonate is also a white, insoluble solid which 
readily dissolves in acids with the evolution of oxide of 
carbon On heating, it loses oxide of carbon and leaves a 
solid which is readily recognised as oxide of zinc This, 
like lime, is alkaline and turns moistened red litmus paper 
a blue colour Zinc carbonate is, therefore, composed of 
oxide of carbon and oxide of zinc 

Lime is a metallic oxide —A number of carbonates have 
now been examined , m their general behaviour they re- 
semble chalk and one another They all give off oxide of 
carbon when treated with an acid, and those w'hich are 
decomposed by heat also give off the oxide of carbon when 
heated Where the product left on heating can be re 
cognised, it is found in each case to be a metallic oxide 
Thus, copper oxide, lead oxide, and zinc oxide have been 
obtained by heating the carbonates examined Now, as 
chalk m similar circumstances loses oxide of carbon and 
lea-\es lime, we are forced to the conclusion that lime also is 
a metallic oxide This is supported by the fact that lime is 
alkaline, as the other alkaline compounds examined — for 
example, oxide of sodium, oxide of magnesium, and oxide of 
zinc are also metallic oxides The metal contained m 
lime is termed calcium, and although lime is so plentiful, 
yet it is so difficult to decompose it, that the metal itself is 
very expensive We can now write 

Chalk consists of oxide of carbon and the oxide of a metal 

The metal has been named calcium, and chalk may hence 
be termed calcium carbonate 
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QUESTIONS ON CHAP XV 

1 What is the chemical nature of chalk and lime ? How could you 
obtain lime from chall and vice versa} 

2 What are carbonates? In what respects do all carbonates 
resemble chalk and one another? In what respects do the) differ? 

3 What reasons ha\e you for belieung that lime is an oxide of 
a metal ? 

4 Describe the effect of heat on copper carbonate and on lead 
carbonate 




CHAPTER XVI 


COAL GAS, AND THE BUNSEN BURNER 

Thl student will now' be better able to understand the 
Bunsen burner w'hich he has been using so frequently during 
his studies To do so it is necessary that the gas itself, coal 
gas, should be studied also 


62 COAL GAS 


i Distillation of coal — Heat some coal dust in a hard glass 


tube to which an india rubber 
stopper and delivery tube are 
attached After a time apply a 
lighted taper to the end of the 
delivery tube, and satisfy yourself 
that an inflammable gas is given 
off 

n Coal gas is lighter than air — 
Show, as in E\pts 45, 11 , 111 , that 
coal gas escapes from a cylinder 
held mouth upwards It is lighter 
than air 

111 Coal gas is insoluble in water 
— Invert a cylinder of coal gas 
over water, and observe that the 
water does not rise Closing the 
end of the jar tightly by the 
hand, shake well with a little 
water and again place over 
water Observe that the water 



Fig 72 —-Apparatus for combustion 
of coal gas in a cylinder 


does not rise in the jar , the gas is therefore insoluble 


iv Oxide of carbon produced by the combustion of coal gas — By 
means of a bent glass tube and a piece of india-rubber tubing 
attached to the gas supply, as shown in Fig 72, allow a smalt 
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jet to burn in a cvhndei Notice the formation of drops of 
liquid on the sides of the cylinder Renio\c the gas jet Add 
a little clear lime water, and shake it up and down the cylinder 
The lime-water is turned milky', showing the presence of o\ide 
of carbon 

v Water produced by combustion of coal gas — Allow a gas jet to 
burn for some time under a retort kept cool by a stream of water 
exactly as m Expt 46, 1 Collect the liquid produced, and 
as m Expt 46, 11 j pro\e that this liquid, which may require 
filtering, is water 



Coal gas — Coal gas is produced by distilling coal m 
large iron retorts Other products, such as tar, also result, 
but these are separated from the gas, which, after purification 
from certain undesirable constituents, is passed into large 
receivers, the gasometers , from which it can be used as 
required (Fig 73 ) It is an invisible gas with a well known 
odour It is considerably lighter than air, but still much 
heavier than hydrogen When it burns, oxide of carbon is 
produced, which may be detected by its action on lime 
water, while waiter is also formed It is evident, therefore, 
that the coal gas must contain cat bon and hydrogen These 
are indeed, its chief constituents as it consists chiefly of 
compounds termed hydrocarbons which contain only carbon 
and hydrogen 
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63 FLAME AND ILLUMINATION 

1 A candle flame — Examine the flame of a candle , notice that 
it is dmsihlc into tlnee wcll-maihed /ones Outside is a daik 
yellow layer, m the middle a highly luminous layer can be 
made out , the mtcrioi of the flame consists of a bluish pai t 
which gives very little light 

/ 1 i The nature of the three zones — («) Take a shoit piece of 
glass tubing, about the thickness of a pencil, and open at both 
ends, arrange it so that one end is in the inner blue zone, while 
the tube itself slants away from the flame (Fig 74) Apply a 
lighted match to the end of the tube away from the candle , 
observe that a gas which 
catches fire is issuing from 
the tube In other words, 
the inner zone of a candle 
flame is made up of unburnt 
combustible gases 

( b ) Lower a piece of cold, 
thick white notepaper on to 
the flame , after it has been 
there a second 01 two, raise 
it and examine the ring of 
soot which has been de- 
posited Round the ring of 
lamp black is a second ring, 
where the paper is slightly 
dinned Repeat the expei 1- 
ment, bringing the piece of 
paper into the flame from 
the side, about half way up 
the inner bluish zone , the 
results thus obtained are perhaps more satisfactory These 
results are explained by the picsence of incandescent par- 
ticles of carbon in the highly luminous zone The ring of 
charring is caused by the outside layer, where the combustion 
of the vapours from the candle is complete Place also a piece 
of glass tubing m the flame and note the deposit of soot on it 

111 A gas flame — Examine a gas flame Three zones similar 
to those m the candle flame can be made out Using a piece 
of glass tubing as before, lead some of the unburnt gases in the 
centre of the flame outside, and ignite them at the end of the 
tube Piove the piesence of pai tides of carbon in the middle 
/one by lowering a cold white plate upon the flame Examine 
the deposit of soot 


' \ \ 

' ' 
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iv Result of lowering 1 the temperature of flames — (a) Make a 
short coil of stout copper wne, 4-inch internal diametei Pass 
it ovei the wick of a lighted candle without touching the wick 
The candle is e\tinguished T his is due to the cooling effect of 
the wne, which conducts away the heat 
(l>) Turn on but do not light, a gas-jet. Hold ovei it a piece 
of fine wne gauze and apply a light above the gauze Notice 
that the flame does not strike thiough Vary the experiment bj 
lowering a piece of cold wire gauze upon an ordinary Bunsen 
flame 

\ The Bunsen burner — (a) Examine a Bunsen burner, 01, as 
it is often called, a laboiatoiy burnei Compare its paits with 

Ti g 75 The metal tube, T, 
sciew’S out, and reveals a small 
jet, J, through which the coal 
gas is supplied One 01 two 
holes, A, can be closed by rotat- 
ing the mo\able cylinder which 
fits round a slightly smaller fixed 
tube Sciew in the tube, 1 , 
open the holes, A, and connect 
the burner with the gas supply 
by means of a suitable length of 
india-rubber tubing Turn on 
and light the gas An almost 
colourless flame is obtained It 
is a nnxtuie of coal-gas and air 
which is burning Close the 
holes, A, the flame immediately 
becomes luminous 

(1 b ) Again obtain a non-lunnn- 
ous flame, lower a cold white 
evaporating basin into it, and 
observe there is no deposit of carbon Close the holes, A, and 
lower the cold basm into the luminous flame you have now got , 
there is an abundant supply of soot 
(c) Blow some dust through the non luminous flame of a 
Bunsen flame, and observe that it at once becomes much 
brighter This can be readily done by placing some dust or 
any fine powder m a piece of glass tubing and then blowing it 
into the flame There is a connection between the incandescent 
particles in a flame and its brightness 



Tic 75 — A Bunsen burner 


The candle flame — To obtain a candle flame, the wax of 
the candle has first to be melted , it then soaks the wick 
and is converted into vapours which, like coal gas, 
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consist of carbon and lijdrogcn ’1 liese \apours burn to 
produce the flame 

lire flame thus produced ts not as simple as is first 
imagined It consists of three /ones, each Iming its own 
particular characters. In the centre of the flame is a bluish 
cone of unburnl \apours, just as the) weie obtained by the 
aaponsation of the liquid wi\ Outside this is the la) er of 
the flame to which all its brightness is due, it is impreg- 
nated b\ particles of carbon, which the heat of combustion 
has made incandescent. This can be eisil) prored by 
lowering on to the flame ail) cold white surface, when the 
particles of soot are at once deposited In tins part of 
the flame there is not sufficient os.) gen to combine with all 
the carbon, so that some remains unburnt 1 he part of the 
flamt which adjoins the air is known as the zone of complete 
comhustion , tins la)er is not highly luminous, but it has 
the highest temperature of an) part of the flame Here the 
whole of the unburnl carbon unites with oxygen and is 
converted into oxide of carbon 

It must now be explained what, from the point of mow of 
the chemist, a flame reall) is \\ hen two substances unite 
to form a new compound, heat is generally produced, and 
this heat ma) be sufficient to raise the temperature of the 
substances and of the products of their combustion to such a 
degree that they become luminous If, as in the case of 
the candle, gases are present among the products of com- 
bustion, they become luminous and pass aw a) as flames 
It ma), in consequence, be stated that flames are gases pro 
duced by combustion, which have had their temperatures 
raised so much that th< y have become self luminous 

If by any means the temperature is lowered, the flame is 
extinguished The truth of this statement is at once demon- 
strated by lowering a cold coil of copper wire on to a candle 
flame without touching the wick, when the flame is put out 
Or, the same thing can be demonstrated bylowuing a piece of 
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cold wire gauze on to a non-lummous flame, such as that of 
a laboratory burner In this case no flame appears above 
the gauze, because the heat is conducted away by the wire, 
and the temperature is thus lowered to such a degree that 
flame is impossible 

A gas flame — The only important difference between a 
gas flame and that of a candle is that in the former the 
combustible compounds are already m the state of vapours, 
and have not to be converted into vapour by the heat of the 
flame The same zones, however, may be made out in the 
flame 

Bunsen bumer — In the Bunsen burner there is a simple 
arrangement by which air is allowed to nn\ with the gas 
before the combustion The result of this is that there is 
sufficient oxygen for the whole of the carbon of the com- 
ponents of the gas to be converted into oxide of carbon, and 
the luminous portion of the flame, which consisted of 
unburnt carbon, in consequence disappears The flame 
becomes non-lummous, but, owing to the more complete 
combustion the temperature of the flame is much higher 
than that of the gas flame which is used for purposes of 
illumination 


QUESTIONS ON CHAP XVI 

r What does coal gas consist of? What products are formed 
by its combustion, and how would you endeav our to proie \ottr 
answer experimental!} ? 

2 Write a little essay on “the burning of a candle ” 

3 Descnbe a Bunsen burner and the precautions that should be 
taken in using it 

4 Descnbe an experiment showing that water and carbon dioxide 
are formed in the combustion of a candle or of a gas jet How can 
ordinary coal gas be made to burn with a non luminous flame ? 

5 Give the names of four common combustible substances Explain 
as full} as possible what takes place when a gas jet is lighted 
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THE EXAMINATION OT SALT AND NITRE 

64. SALT AND SALT GAS 

i Action of strong: sulphuric acid on salt — (a) Place a little salt 
in a test-tube, and add to it some strong sulphuric acid , warm 
slightlj Observe that a gas is evolved which possesses a 
powerful, pungent odour, and forms white fumes in the air 
although it appears colourless in the tube itself 



( 6 ) Plunge a lighted taper in the gas and notice that the flame 
is extinguished Place a piece of moist, blue litmus paper at 
the mouth of the tube, and observe that it is turned red 
ii Preparation of salt gas — -.Eat _up.J:he apparatus. shown, in 
Fig _ 76 Remo3^_the_indn-jnbber_smpper_of .the flask^and 

place In it a small quantity of rock-salt in small pieces^ or some 
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Salt-gas-or hydrochloric acid gas, —Whui salt is acted on 
In strong sulphuric aud, a gas is evolved v Inch possesses a 
strong pungent odour, Ins acid properties and, though 
colourless Itself, forms white fumes when it enters the air 
ihe fumes are more endent m moist air, as is seen b) 
breathing over the mouth of the tcst-uibe from which the) 
are bemit evolved Ihe gis rcadil) dissolves in water, and 
the solution constitutes the hydrochloric acid of commerce, 
as ma) lie readily proved by performing the same tests with 
the solution of salt gas and with the ordnnrv hvdrochlonc 
acid of the liberator) As an example of one such test it 
mav be stated that both liquids vhen treated with laustic 
soda form a solution of common salt 1 lie solution ol 
salt gas was, her atise of its preparation from salt original!) 
known as “Spirits of Sale’ Another common name given 
to it is Alurntic \ad Ihe salt gas itself is called h)dro 
chloric aud gas It is colourless, will not allow things to 
burn in it, nor will it burn itself As is s c en bv its action 
on blue litmus p iper, it is strong!) iud It is heavier than 
air, and can consequently be collected b) downward 
displacement 

Composition of hydrochloric acid.— Vou have ahead) 
learnt that when the element copper is heited stronglv in 
air it combines with the oxygen of the air to form a black 
compound called copper oxide, winch compound is evident!) 
entire]) composed of copper and ox)gcn 

Now, if hydrochloric acid gas is passed over heated 
copper oxide, which can be convenient!) arranged in a tube, 
the black oxide is changed into a green substance, and water 
is formed at the same time Moreover, if the green sub 
stance be acted upon w ith strong sulphuric aud, hydrochloric 
acid gas is again formed, just as when salt is similarly 
treated 

As water is formed, the h)droch!onc acid gas pissed over 
the heated copper oxide must eudentl) contain the hydro 
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gen which is necessary for the formation of the water, for 
copper oxide contains none In fact, the simplest ex- 
planation of the experiment is that the hydrogen of the 
hydrochloric acid gas combines with the oxygen of the 
copper oxide to form water, while the copper combines with 
the otherjrmstituent of the hydrochloric acid to form a 
green substance known as chloride of copper 

Wien metallic sodium acts upon hydrochloric acid gas 
contained in a lube over mercury, it is found after a short 
time that the volume of the gas is reduced to one-half and 
that the gas left in the tube is pure hydrogen At the same 
time, the sodium combines with the other constituent of the 
h>drochlonc acid gas to foim a w'hite solid, which proves on 
examination to be common salt Zinc also, when heated, 
abstracts something from hydrochloric acid gas and hydro- 


gen is liberated 

We have thus found that from hydrochloric acid gas, 
sodium abstracts something and leaves one-half the original 
volume of hydrogen Hence, also, salt consists of sodium 
with something, , and this same r-i 
material with hydrogen forms ^ 
hjdrochlonc acid gas The name 
given to this material is chlorine, 
and we shall now endeavour to 
obtain this element from the 
hydrochloric acid gas 

65 PREPARATION AND PRO- 
PERTIES OF CHLORINE 

1 Preparation of chlorine — In a 
fairly large .flask (Fig 78) put 
some manganese dioxide (a black 
powder, which also occurs naturally 
in compact masses knowm as ftyro- 
Ittsile) Through the thistle funnel 
pour in sufficient h)drochlonc acid {t e the stiong acid used 
m the laboratory) to cover the oxide and see that the end of 



Tig 78 — Prcpantion of chlorjnc 



176 


INTRODUCTORY CHEMISTRY 


the thistle funnel is below the level of the acid Obsene that 
a dark, greenish-brown liquid results Warm and observe the 
formation of a heavy, gieen gas which may be collected in 
the same manner as hydrochloric acid gas 1 In this manner fill 
five jars, and close each jar tightly with dry ground glass plates 
ti Bleaching power of chlorine — In the fust jar place some 
moist, coloured rags, or flowers, and observe the bleaching 
Wnting m ordinary ink may also be bleached, but printers’ ink 
cannot be bleached 

in A taper bums m chlorine. — Plunge a lighted taper in the 
second jar, and observe that the lapei bums, but with the 
formation of clouds of soot, and observe that water shaken up 
in the jar becomes acid 

I\ Turpentine bums in chlorine — Moisten a piece of filter 
paper with turpentine, fold it and place it m a jar of chlorine 
Obsen e the blackening and the final burst into flame, wath the 
production of clouds of soot and also white fumes Shake up 
the fumes with water and observe that the solution is acid 
\ Burning of phosphorus in chlorine — Place in the jar, by 
means of a deflagrating spoon, some burning phosphorus, and 
observe it continues to burn with the formation of white fumes 
vi Burning of sodium in chlorine — Place in the gas some 
burning sodium, and see that it also burns w ith the formation of 
white fumes Dissolve these fumes in water, and see that a 
solution of salt results 

vm Solubility of chlorine — Pass the gas through water for a 
shoit time, and observe that it is slightly soluble, the solution, 
known as chlorine w-ater, smelling of the gas 

Preparation of chlorine — It has been found that hydro 
chloric acid gas is a compound of hydrogen with some 
other constituent To obtain this constituent free, we must 
evidently act upon the acid with something that will take 
away, or unite with, the hydrogen Oxygen would im 
mediately suggest itself if we could use it Coppei oxide 
contains oxygen, and we have seen that this reacts with 
hydrochloric acid, and that the oxygen unites with the 
hydrogen of the acid 1 he other constituent is not liberated, 
however, but unites with the copper to form a green powder 

1 The gas is best collected m the open nr or in a draught cupboard, as 
the fumes are \ erj irritating if breathed 
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(copper chloride) Some oxides, called pet oxides, contain 
a hat we maj term an extra amount of oxygen, and if these 
act on the hydrochloric acid, the quantity of the required con- 
stituent liberated by the union of the oxygen (of the oxide) 
ruth the hydrogen (of the hydrochloric acid) is more than 
sufficient to combine with the metal originally united to the 
oxygen Some of this constituent, or chlorine, is hence 
liberated in the free state and we may prepare it in this way 
The plan adopted is to heat gently a solution of hydro- 
chloric acid gas in water with black oxide of manganese, 
which is a peroxide, when chlorine is given off 111 laige 
quantities m the form of a greenish-yellow gas 
< The method used to get chlorine from common salt is 
1 first to mix it with black oxide of manganese, and then to 
heat the mixture with strong sulphuric acid, when chlorine 
is evolved as in the previous case This process is really 
the same as the previous one, except that instead of first 
preparing hydrochloric acid from common salt and strong 
sulphuric acid, and then acting upon it with black oxide of 
manganese, the two experiments are combined The three 
materials are heated together, and the hydrochloric acid as 
it is formed is decomposed by' the manganese dioxide which 
is present 

Chlorine is heavier than the air and is usually collected 
by downward displacement, though it is sometimes collected 
over a strong solution of salt, or over warm water 
Properties of chlorine — Chlorine is a gas with a greenish- 
yellow colour, from W'hich fact 1 it gets its name It has a 
disagreeable smell, and the gas, if breathed, causes dis- 
tressing symptoms, which have been described as like those 
of an exaggerated cold in the head 1 he gas is soluble in 
xvater, and being heavier than air is usually collected by 
own ward displacement Its chief characteristic is its 
pow er of bleaching moist, vegetable colours What happens 

1 The Greek word (chloros), greenish yellow 

J c M 
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is that the chlorine combines with the hydrogen of the 
moisture (which must be present for successful bleaching) to 
form hydrochloric acid and liberates the oxygen This 
oxygen unites with the colouring matter to form a new 
chemical compound which has no colour , or, as chemists 
say, the oxygen oxidises the colouring matter 

The ease with which chlorine combines with hydrogen is 
seen not only by its action upon moisture, but in other 
ways A lighted candle will continue to burn w'hen plunged 
into chlorine, though with a very smoky flame A candle is 
composed of hydrogen and carbon, a nd the flame continues, 
though with diminished brightness, because of the heat 
generated by the combination of the chlorine gas with the 
hydrogen of the candle to form hydrochloric acid gas The 
carbon set free in the process is deposited as soot The same 
explanation holds true for the spontaneous combustion of 
warm turpentine in chlorine gas 

Chlorine readily combines with metals to form chlorides 
If finely divided iron, copper, antimony, and other metals be 
spiinhled into dry chlorine gas they at once combine with it, 
the heat of combination being sufficient to cause them to 
inflame This happens more readily if the metals are first 
w’armed Sodium will burn in chlorine, and the sodium 
chloride which is formed may be readily recognised as 
common salt Phosphorus, too, will continue to burn in 
chloride forming white clouds of a chloride of phosphorus 

66 QUANTITATIVE COMPOSITION OF HYDRO- 
CHLORIC ACID GAS 

1 Density of hydrochloric acid and chlorine — Determine the 
density of well-dried hydrochloric acid gas and of chlorine in the 
manner described in Expt 55 Take considerable care in 
doing the experiments, as accurate results are necessary’, and 
can be obtained only with reasonable care 

Composition of hydrochloric acid — The density of the 
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hv drochlo nc acid ca stor, jasjwejnay _call jt, of hjdrogai 
chloride, will be found to be about 000164 gram per cc, 
and that of chlorine about o 00319 gram per c c A litre of 
hydrogen chloride therefore weighs 1 64 gram, and two litres 
weigh 3 2S grams We have already found, E\pt 64, vi (<£), 
that hydrogen chloride, or h> drochlonc acid gas, contains 
one half its volume of hydrogen, so that two litres of the gas 
contain one litre of hydrogen, the weight of which is 009 
gram If, therefore, we subtract this from the weight of 
the two litres of hydrogen chloride we shall obtain the 
weight of chlorine present in these two litres The result 
so obtained, 3 2S-009 grams, is 3 19 grams, which is the 
weight of one litre of chlorine It is proved, therefore, that 
hydrogen chloride consists of one half its volume of hydro- 
gen and one half its volume of chlorine, or that 1 volume of 
hydrogen and 1 volume of chlorine are combined in 2 
volumes of hydrogen chlonde or hydrochloric acid gas 

67 ACTION OF SULPHURIC ACID ON NITRE 

1 Examination of nitre — {o) Again examine nitre according to 
the scheme on p 13 , or, carefullv revise vour notes of Expt 14 
Be careful to observe more full} the effect of heat on nitre , when 
the nitre is strongly heated test the gas evolved with a glowing 
splinter, and mto melted nitre drop a small piece of wood 
Observe that it bums furiously Nitre gives up o\)gen very 
readily It is a powerful oxidising agent 

(b) Place a little nrtre in a test-tube, add some strong sul- 
phuric acid, and warm Notice that drops of a liquid condense 
at the top of the tube and run bach 

-'■'h AcUon of sulphuric_acid on nitre — Into_a stoppered retort, 
such as is used in the distillation of water (p 52), place 30 or 
40 grams of small crystals. of_nitic „ Using a funnel, carefully 
introduce enough strong sulphuric acid "to cover the nitre 
Rejilacc the stopper Place the retort on a stand as shown in 
Pig 79, and Insert its neck in that of a dash which is contmu- 
kept cool by water, just as in the distillation of water 
Gentl% heat the retort Broun fumes aie gnen oft* in abund- 
ance, and soon drops of a light, vellow liquid are seen to fall into 
the receiving flash AVhen enough liquid has distilled over, 
remove the laboratory burner, and while the matenals in the 
J c M2 
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ictort lie still liquid, pour them, after removing the stopper 
from the retoit into an evaporating dish 



in Properties of the liquid — (n) Pour a drop or two of the 
liquid from the rccemng flash into a snull glass of u iter 
Taste a drop of the water by dipping the tip of \our finger into 
it and then applj ing the finger to v our tongue 

(/;) Test the water with a blue litmus paper The paper is 
turned red 1 he liquid is an acid 

(<r) Pour a drop or two of the liquid from the recenmg flash 
on to a fragment of copper in a test tube Notice the brown 
fumes and the blue solution foi med 

(d) Try the action of a little of the acid from the flash on a piece 
of cloth, and of a single drop on the palm of the hand Notice 
the cloth is slowly destiojed and the shin is turned yellow 
n The liquid produced is nitric acid. —Compare carefully the 
liquid which you hare obtained with the nitric acid in the 
laboratory bottles Pay especial attention to the action of 
copper, which is r ery characteristic Observe that jour liquid 
is identical with mtnc acid 

Nitric acid — When .sulphuric acid is heated_mth nitre, 

or saltpetre as it is also called, a liquid distills over, which, on 
examination is found to be identical with the acid Inown as 
mtnc acid, also sometimes called aqua for/is 

llitacjictd.has. certain ^properties associated w ith all acids 
It has a sour taste and turns a blue litmus paper_xed 
When pure, it is_colourless and gives off colourless fumes 
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But it is easily decomposed When heated it gives off 
brown fumes This happens slowly when the pure acid is 
placed m sunlight, a fact which accounts for the brown 
fumes above the liquid in bottles of nitric acid which have 
been kept for some time 

It is_ a very powerful acid, hence its name, aqua foitis , 
which dates from the time w r hen all liquids were considered 
tq.Jbe_some kind of w r ater It^destroys organic materials, 
likejvood and cloth It acts violently on most metals^ like 
copper mE\pt 67,111 ( b ) Gold and platinum are exceptions, 
for_mtnc acid has no action upon them It very readily 
gives up_some of the oxygen, of which it contains large 
quantities Its great activity is due to the readiness with 
which it gives oxygen, and for this reason it is called an 
oxidtse 


QUESTIONS ON CHAP XVII 

1 How is hydrochlonc acid obtained? Give a short account of its 
chief properties 

2 You are provided with some nitie and strong sulphuric acid, de 
scribe fully how you would proceed to prepare a specimen of nitnc acid 

3 Briefly indicate the reasoning which leads to the supposition that 
hydrochlonc acid gas contains hydrogen united with anothei gas, and 
state how this second gas maj be obtained from the acid 

4 What is the general effect of hydrochloric acid upon [a) metals, 
{b) oxides? 

5 How may it be proved that hy drochloric acid gas consists of one 
half its volume of (<z) hydrogen and (b) chlorine ? 

6 DescnLe the properties of chlorine, and state how y ou would 
obtain the gas from salt and then le convert it into salt 

7 Under what conditions does chlorine unite with [a) hydrogen, 
(b) phosphorus, (c) sodium ? 

8 A lighted taper is placed in a jar of chlorine, what happens, 
and why ? 

9 How may chlorine be {<?) obtained from, (b) converted into 
hydrochlonc acid? 

10 What is the action of sulphuric acid upon salt? What are the 
properties of both pi oducts ? 

11 From hydrochlonc acid how could you obtain [a] hydrogen, 
(?') common salt? 

12 By what tests would you ascertain whether effervescence caused 
by pouring sulphunc acid on a pow der was due to the escape of carbon 
dioxide, hydrochloric acid gas, or hydrogen? 



CHAPTER XVIII 
BASES, ACIDS, AND SALTS 
68 BASES 

i Caustic soda — («) Place a small piece of sodium in an 
exaporatmg dish containing water An alkaline solution of 
sodium hydrate, or caustic soda, which will consequently turn 
red litmus blue, is thus produced Obseive the peculiar soapy 
feel of the solution Evaporate the solution to dryness, and 
examine the product formed It is a white amorphous solid 
Leave a little dry solid in an evaporating basin, and obsen e that 
it \er> soon becomes coveted with a film of moisture — it is 
deliquescent Compare it with the solid caustic soda m the 
laboratory and verify the statement that they are identical 

(fi) Bum some sodium in a jar of oxygen or air (Expt 38, x ), 
and examine the product formed Obsen e that it is xery 
soluble, yielding a solution with a soapy feel and an alkaline 
reaction Evaporate the solution to dryness, the white solid 
formed is caustic soda 

n Caustic potash. — Repeat Expt 68, 1 a, using potassium 
instead of sodium Observe that the reaction is far more 
vigorous Evaporate the solution to dryness, and compare 
die product formed with the caustic soda, noting the great 
resemblance in properties This substance is called caustic 
■potash 

111 Action of aluminium on caustic soda. — Place a strong solu- 
tion of caustic soda m a test-tube, add some sheet aluminium 
and warm Observe the evolution of hydrogen 

Properties of caustic soda and caustic potash — These 
two compounds are white, deliquescent solids formed 
b> the action of sodium and potassium respectively on 
water They absorb moisture very readily and are both 
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powerful a fl airs In iheir general properties they resemble 
each other very closely, and, indeed, it might be thought 
that the two compounds are identical, but this is not so, as 
some of the later expenmen ts will prove When sodium is 
burnt in air an alkaline substance is also obtained, and it may 
therefore be thought that caustic soda is the oxide of 
sodium This is not, however, quite correct Caustic soda 
is formed by the action of sodium on water , if the sodium 
replaced all the hydrogen it is clear that the compound 
formed would consist solely of sodium and oxygen But 
the sodium cannot replace the whole of the hydrogen, it 
only replaces one half, so that the resulting compound — the 
caustic soda— still contains some hydrogen It consists of 
sodium, oxygen, and hydrogen, and when warmed with 
aluminium this hydrogen can also be displaced and its 
presence in caustic soda \enfied, as although the hydrogen 
erolved might hate come from the water of the solution, 
yet, hydrogen is also evolved when aluminium acts upon 
dry, fused, caustic soda 

Hydroxides — Compounds like caustic soda and caustic 
potash, which can be looked upon as obtained from water 
by replacing a part of the hy drogen by a metal, are termed 
h) dioxides Caustic soda may thus be called, sodium 
hydroxide , and c austic potash m like manner potassium 
h) droxide 


69 FORMATION OF SALTS 

1 Action of acids on metals, oxides, and hydroxides — (a) Act on 
some magnesium with sulphuric acid Obsenc the evolution of 
hydrogen Evapoiate the solution neatly to dryness and allow 
it to crystallise. Examine the crystals formed 
{!>) Bum some magnesium, and collect the white solid foimed 
Observe that it is a white, alk time powder nearly insoluble in 
water, which glows when strongly heated, but does not undergo 
any chemical change To some of this oxide add some diluted 
sulphuric acid, but not quite enough to dissolve all the oxide 
Observe that the oxide dissolves without the evolution of gas 
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Tilter, partially e\aporate, and allow it to crystallise Compare 
the crystals with those foimed m the pievious experiment 
(t) Warm an excess of copper oxide with dilute sulphuric acid 
Filter and, as before, obtain crystals of the product formed 
(<y) Make a solution of sodium hy droxidc by dissolving caustic 
soda in water To a portion of the solution, in an evaporating' 
basin, add dilute hydrochloric acid, drop by drop, until the solu 
tion has no effect upon either a red or blue litmus paper The 
solution is then said to be ventral Gently evaporate the solu- 
tion, on a sand bath, until a dry, white residue is left Then, by 
tasting the solid, satisfy yourself that it is common salt 

( c ) Repeat the last experiment, substituting dilute sulphuric 
acid 

(/) Similarly perform the experiment, using dilute nitric acid 
(g) In a similar manner act on potassium hydroxide with 
hydrochloric acid, and obsene that the product formed, a white 
solid, is not salt, although its taste recalls that of salt 

(//) Wash each of the pioducts, obtained as above, with a 
little water, and then note that they have no action on litmus 
paper They are ncuh al compounds 

Salts — When a metal acts on an acid, the most general 
result is that the hydrogen contained in the acid is set free. 
In some cases, the hydrogen may react again with more of 
the acid and hence not be set free, but the usual result may 
be regarded as that just stated The metal combines with 
the remainder of the acid and forms a new product, w hich 

( we call a salt We_may, therefore, define a_sa.lt-as-the.pro- 

duct fo>med_b\ replacing thc.hydrogenjtfjtn acid ]>y a metal 
Acids might be defined, therefore, as substances which 
contain hydrogen capable of replacement by a metal , but 
this definition is hardly sufficient, they are usually charac- 
jterised by a sour taste. and by their power of turning blue 
ilitmus.red 

If, instead of a metal, the oxide of the metal acts on the 
acid, the salt is obtained as before, but hydrogen is not 
liberated, the reason being that the hydrogen, which has 
been replaced, combines with the oxygen of the metallic 
oxide to form water Similarly with hydroxides, the 
hydrogen replaced unites with the oxygen and hydrogen 
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previously combined with the metal and forms water Thus j 
M etal and acid fo rm a salt and hydrogen j 

Metallic oxide and acid form a .salt and water 1 

Metalkcji yd r 0x1 d e. a n d. a c 1 d form a salt a nd water | 

These metallic oxides, or hydroxides, are known as liases,! 
so that we could combine the last two statements and wnte j 
A base and acid fo rnui salt.andjwater 

It must be remembered that baur arc not necessarily 
alkaline , thus, copper oxide is a base, but has no action on 
litmus paper Only those bases which dissohe in water 
gne an alkaline reaction, and we may say that an alkali is 
a soluble base 

How salts are named — Salts are named from the 
metal and acid which enter into their formation Thus, 
those containing copper are copper salts , those containing 
sodium are sodium salts, etc '1 hose formed from sulphuric 
acid are termed sulphates , those from hydrochloric acid 
(hydrogen chloride), chbndes , and those from nitric acid, 
mtiahs The salts produced in Expt 69 arc therefore 
named as follows that produced from magnesium and 
sulphuric acid is magnesium sulphate , that formed from 
copper oxide and sulphuric acid is cof>pei sulphate , that 
formed from sodium hydroxide and hydrochloric acid is 
sodium chloride , that formed from sodium hydt oxide and 
nitric acid is sodium nit rate, etc 

70 AMMONIA AND AMMONIUM SALTS 

Certain other compounds, however, besides the metallic 
oxides, may act as bases , thus, w'C may obtain salts from 
ammonia, which, by testing with red litmus, is seen to be 
an alkali 

i Preparation of salts from ammonia. — (a) Piepaie salts from tlic 
tlircc acids, using the ammonia liquid of (he laboratory in place 
of caustic soda, in Expt 69 

(b) Examine the solids formed, obsei vine caiefullv the effect 
oflieat on each 
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Salts produced from ammonia — From the alkaline liquid 
called liquid ammonia, or often ammonia, we can obtain a 
series of salts known as ammonium salts , just as from caustic 
soda we obtained sodium salts They are all white powders 
soluble in water 

Ammonium chloride has a very sharp taste which re- 
sembles somewhat that of common salt, but is more burning 
It volatilises when heated, forming thick white fumes which 
are again deposited on any cool object It will be remem- 
bered that this substance was examined earlier (Expt 8) 
and the notes then made should be again re-read 

Ammonium sulphate is also a white, soluble solid, which 
melts when heated and afterwards partially decomposes, the 
smell of ammonia being noticeable 

Ammonium nitrate melts readily and, shortly after, evolves 
a gas which makes a glowing splint 
burst into flame If heated too 
strongly, the salt may explode 

71 PREPARATION AND PRO- 
PERTIES OF GASEOUS AM- 
MONIA. 

l Preparation of ammonia. — Place 
some ammonia liquid in a flask and 
boil, allowing' the gas that is evolved 
to pass over quicklime oi solid caustic 
potash in order to dry it Collect as 
shown in the accompanying diagram 
(Fig 8o) Observe the gas has the 
same smell as the liquid and sinularl) 
acts on red litmus 

n Action on a lighted taper — In one 
jar place a lighted taper Observe that 
F ' G & ammomi anU ° n ° f the taper is extinguished 

ui Solubility of ammonia. — Place a 
second jar in water in the manner described in Expt 64, 111 (d), 
and note the rapid absorption of the gas and rise of the w atei 
in the jar The gas is therefore extremely soluble 

lv White fumes with hydrochloric acid. — Dip a rod in hydro 
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chloric acid and then hold it over a jar of the gas Obsen e the 
formation of white fumes 

v Solution of ammonia gas is the “liquid ammonia.’’— Shake 
up a jar of the gas with a little water Examine the solution 
See that it is identical with the “ammonia liquid,” from which 
the gas was obtained, and that the liquid loses its odour on 
boiling, the gas being evolved 

vi Production from ammonium salts — Heat an ammonium salt 
with caustic soda or lime, oi mere)} well mix the two in a mor- 
tar wath the addition of a little water Observe b> the smell 
that ammonia is produced 

in Ammonia bums in oxygen. — Fill a jar with oxygen and 
insert into it a tube, bent as shown in fig 72, from which 
ammonia is being evolved Quickly applv a light to the end of 
the tube and observe that the ammonia will bum in the puie 
oxvgen The flame may be kept burning for some time if 
oxygen be simultaneously passed into the jar 

■ |/ Properties of ammonia — We thus find the “ammonia 
liquid” is merely a solution of a gas, via, ammonia 1 w r hich 
is very soluble m water, which turns red litmus blue, does 
not support combustion, and is apparently not combustible 
, In an atmosphere of oxjgen, however, the gas readily burns, 
forming nitrogen and water, it hence contains nitrogen and 
hydrogen 

ihe white fumes, formed by the action of the gas on 
hydrochloric acid, are fumes of ammonium chloride 

The solution of ammonia has been already shown to 
behave m a manner closely analogous to caustic soda, 
forming salts with acids and behaving verj much like a 
metallic hydroxide 

QUESTIONS ON CHAP X\ III 

1 "V ou -ire giv en a number of cv hnders containing ammonia gas 
Describe the experiments you would make in order 10 illustrate the 
chemical and phjsical properties of the gas 

2 Describe how ammonium nitrate can be prepared How can 
ammonia and nitric acifl be obtained from it ? 

1 It should be remembered that ammonia is reallj the name of the gas, 
though frequentl) employed loosel) to indicate the solution 
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3 How would you obtain potassium nitrate and sodium chlonde 
from their respective acids and bases? 

4 What is ammonia? Give an account of its preparation and more 
chaiacteristic properties 

5 In what respect does a solution of ammonia resemble a solution of 
caustic soda or caustic potash ? 

6 What are ammonium salts , how are the) prepared ? 

7 Draw the apparatus, and descnbe how you would prepare 
ammonia gas from the ordmaty solution of ammonia 

8 State the composition and principal properties of ammonia 
What happens when it is mixed (a) with water, {t>) with nitric 
acid? 

9 How would you obtain crystallised sal ammoniac from a solution 
of ammonia? How would you obtain the solution of ammonia 
from this product ? 

10 What are chlondcs ? How ma> they be obtained ? Give 
examples 

11 If you were given some nitric acid and some caustic potash, 
describe exactly how you would proceed in order to obtain large 
crystals of nitre 

12 What are hydroxides? Give examples of metallic hydroxides 
What products are formed when these hydroxides react with acids ? 

13 Write the names and descnbe the appearances of the substances 
produced when diluted sulphunc and hydrochloric acids respectively are 
mixed with soda and lime respectively, and the water evaporated away 

14 Describe those properties possessed by sulphunc, hydrochlonc, 
and nitric acids, which lead to these substances being designated 
‘ acids ’ 

15 Descnbe the terms acid, base, salt, and indicate how they are 
mutually related 

16 What are sulphates ? Describe a method of preparation, and 
give a short account of the appearance and properties of three 
sulphates 

17 What is the difference between the action of an acid, say 
hydrochlonc acid, upon iron and oxide of iron? 

18 What is meant by an alkali? Compare the chemical behaviour 
of an alkali with that of an acid Descnbe the appearance of any 
two alkalis 

19 Descnbe exactly how you would prepare a cylinder of dry 
ammonia gas, and also a strong solution of hydrochlonc acid 
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i T Examine and descnlic as m Chap n the following soil, lime 
stone, aluminium, sugar, wood, claj, alum, fmrax, black lead 
V2 Find out whether an egg undergoes anj change of weight on 
being boiled 

I md out whether wa\ changes m weight when melted Does it 
change m densit}, and if so, is it more or less dense when liquid ? 

4 Determine Ihe quantitj of sand (or other insoluble solid) m a 
mtMurc of sand and salt. 

[Non — Weigh out a quantit\, from J to 2 grams, of the mixture and 
shake well with sufficient water When all the soluble solid is 
considered to be dissoh cd filter and w ash the filler paper w ith the 
insoluble residue two or three times, b\ pouring distilled water 
through it Then place the funnel and fdler paper in a steam 
o\en (or other men kept at about 100° C ) to dr}, placing also 
another similar filter paper moistened with distilled water After 

' remaining for a couple of hours w ugh the filter paper and residue, 
using the second filter paper as a counterpoise on the other 
scale-pan Calculate percentage of sand J 
\/ $ Determine the weight of soluble and of insoluble solid in the 
mixtures presided and compare the sum of the weights obtained with 
(he total used 

x/6 Determine the quanut} of solid matter dissolved per litre of 
ordinarj tap water 

l/] Determine the quantity of solid matter dissolved in sea water 
per litre 

8 Determine as in (4) the quantity of soluble and insoluble matter 
in soil 

9 Examine samples of moist sugar for insoluble matter, if present 
and determine its percentage 

Determine the percentage of ash in coal 

[Noti — Weigh a era able, then again weigh the crucible after 
placing m it about 2 grams of coil Heat strongl) until onl) a 
while ash remains, and again weigh when cool 3 

^ 11 Determine the percentage of ash 111 wood, charcoal, and 
paper 
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12 Determine the percentage of <-nI ammoniac in a mixture of 
sal ammoniac and salt- 

[Think carefullv of tin. properties of the two sulistances, ami hence 
find a method for their separation ] 

13 Determine the percentage of sulphur in a mixture of sulphur 
and powdere-fl glass 

(1) 15 ) making Use of the action of heat on sulphur 

(2) IU moling use of its solubtht) in certain liquid 5 Comjjare 
tile two results 

14- Determine hj 2 methods tiie weight of sal ammoniac and 
po (I e real gUss in a mixture, and compare tiie results 

15 Make up a solution containing exactly too gms. of salt per litre, 
and determine the concen'ntion bv evaporation of 25 c.c. 

16 Meignout sufficient magnesium to displace exact!) 200 c-c. of 
hydrogen Determine exucnmcntallv the volume actuall) displaced 

17 Determine the qusnti \ of zinc in an amalgam of zinc and 
merenr) 

[The hvdrogen evolved hv the action of dilute sulphuric acid mav lie 
considered to be due o ilv to the zinc ] 

iS Determine the quantitv of oxvgtn and nitrogen in the ‘air’ 
dissolved in water 

19 Determine the percentage of le-ad and oxvgen in litharge bv 
heating the litharge in a current of hvdrogen (coal gas nnj be 
employed) in a hard glass tulie 

20 Determine the solubililv of lime 

1 ' 21 Determine the percentage of potassium chlorate in a given 
mixture of potass. um chlorate and mangane-e dioxide (1) In making 
use of the solubility of the former, {2) bv -> de.ernunaUon of the weight 
or volume of the oxvgen evolved on beating 

22. Determine the quantitative composition of oxide of mcreurv In 
finding the loss of weight on heating 

[Take care to adopt adequate precautions to avoid loss o f mercury b) 
vo’atihsation ] 

23 Determine the percentage of potassium chloride m a mixture of 
potassium chlorate and chloride 

24 Determine the percentage of chalk in a mixture of chalk and lime 
hv (1) heating, (2) action of an acid 

25 Determine the solubihtv of imic in distilled water at ordtnarv 
temperatures. 

26 Determine the quantitv of water of crystallisation in soda 
crystals 

27 Determine the percentage of carbon diosjde in a sample of 
limestone , and also the quantity of material insoluble in and (The 
latter b) the action of excess of acid, filtradon, and weighing the dried 
filter paper and residue as in Ex 4 ) 
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2S Determine the weight and \olume of hjdrogen evolved bv the 
action of 1 gram of aluminium on acids, and calculate the weight ot 
aluminium necessary to displace 1 gram of h)drogen 

29 Determine the weights of copper and of ox)gen in copper oxide 

[Bv heating in a current of hjdrogen until completeh comerted into 

copper (N B — Precautions always necessary in work ■with hydro 
gen, see p 124 }] 

30 Weigh out in a crucible sufficient chalk to yield exactly 1 gram 
of pure lime Heat verv strong!}, and find experimental!) the weight of 
lime produced 

31 Determine the percentage of carbon'dioxide in a gnen mixture 
of (t) carbon dioxide and c\) gen, (2) carbon dioxide and nitrogen 

[Think carefull) of the properties of carbon dioxide, and find a 
method b} which it can be separated from either of the other gases ] 

32 Determine the percentage of Indrogen in ordinary concentrated 
sulphuric acid 

[Proceed as in Exp 4S, but use a weighed quantity of the sulphuric 
acid and emplo) excess of zinc ] 

33 Pass h)drogen chloride on to distilled water contained in a flask 
and previousl) weighed Hence find the weight of h}drogen chloride 
in the solution Find its densit) 

1 rom }our observations make a table connecting the densities of 
solutions of h)drogen chloride and their percentage composition , draw 
a graph 

From }our graph, state the percentage of the gas in a solution of 
densit) 1 13 gms /c c., and slate what would be the densit) of a 
solution containing 10 per cent of hvdrogen chloride 

34 Make a solution as in Ex 33, in which you know the weight of 
h)drogen chloride Allow excess of zinc to act on it, find the weight 
of hydrogen evolved, and hence calculate the percentage composition 
of the gas Compare )our results with those obtained on page 179 

35 Bv allowing metallic calcium to act on water, determine the 
percentage composition of lime Hence calculate the complete 
percentage composition of chalk 

3d Tind the weight of salt produced h) the action of 1 gram of 
caustic soda on h)drochloric acid (Consider the precautions necessar) 
to obtain the weight of a solid with properties like those possessed b) 
caustic soda ) 

37 Find the weight of common salt produced by the action of 
1 gram of sodium On h)drochlonc acid (Consider carefull) the 
precautions necessar) as in Ex 36 ) 

From )our results calculate the percentage of sodium in caustic soda 

3 ^ If pure compounds are available, determine the weights of 
copper carbonate, lead carbonate and magnesium carbonate, w'hich on 
lieatmg evolve 44 giams of oxide of carbon (44 grams is the weight 
evolved from 100 grams of chalk ) 

Determine also the weight of ox) gen and metal in the metallic oxides 



192 


INTRODUCTORY CHEMISTRY 


left when the weights determined above are heated (See page 65 
and page 124 ) 

39 What general reference can you draw regarding the weight of 
oxygen in the metallic oxide which is combined with 44 grams of oxide 
of carbon ? 

What is the weight of oxygen in the 44 grams of oxide of carbon, and 
how docs it compare with the weight of oxygen found above ? 

40 Obtain some mortar from an old wall and some fics/ily made 
mortnr used by bricklayers Investigate the effect of moderate heat 
and of acids on both specimens, and state what conclusions you draw 
regarding the “ setting of mortar ” 

(The above investigation may easily be expanded and form the 
nucleus of an interesting and valuable elementary “ research ” work ) 

41 Determine the percentage of moisture, insoluble matter, chalk 
nnd lime in a given sample of mort tr 
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Acid, muriatic, 98 
„ sulphuric, 9S 
„ hydrochloric, 99 
„ nitric, 99 

Acids, S9, 98 100 , action on metals 
of, 100 , action on chalk of, 
132, action on lime of, 134, 
action on metals, o\idcs, and 
hydroxides, 183 

Air, dissolved in water, 39 , effect 
of rusting on, 60 , consists of 
two parts, 62 , abstracted by 
heated metals, 65 , effect of 
combustion on, 74 75 
Air, active part of, 62, 79 90 
Air, inactive part of, 62, 63, 64, 
90, 91 

Alcohol, miscibility w ith vv alcr, 37 
Alkalis, 89, 183 

Aluminium, action on caustic soda, 
'82, 183 
Amalgams, 67 

Ammonia, preparation and pro 
perties, 186 , preparation of 
salts from, 186 , contains 
nitrogen and hydrogen, 187 
Ammonium, chloride, 186 
» nitrate, 186 
» sulphate, 186 
Amorphous, 11 
Anhydrous, 22 
Aqua fortis, 98 

Bases, 182, 185 

Blue vitriol, examination of, 20 
Brittle, meaning of term, 8 


Bunsen burner, 168 

Burning (see Combustion), 71 78 

Calcium, 163 

,, carbonate, 163 
„ chloride, 133 

„ sulphate, 135 

Camphor, solubility in spirits of 
wine, 34 
Carat, 68 

Caibon bisulphide, solubility of 
sulphur in, 35 
Carbonates, 161 

Carbonate, sodium, 161 163 , cop 
per, 161 163 , lead, 161 163 , 
/inc, 162, 163 , calcium, 163 
Cataly tic action, 97 
,, agent, 97 
Caustic potash, 182 

,, soda, 182, 183 , action of 
aluminium on, 182, contains 
hydrogen, 183 

Chalk, 18, 132 147, microscopic 
examination of, 19 , action of 
acids on, 132 , change produced 
by heating, 132, composition 
of, T45 

Chalk gas, preparation and pro 
perties, 135, volume and 
weight from chalk, 137 , density 
of, 139, 140, action on lime 
water, 144, composition of, 146 
(see also Oxide of carbon) 
Chlorate of potash, 82 (see Potas 
sium chlorate) 

Chlorides, 185 
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Silver, 66 67 , coins, 68 
Sodium, precautions and use of, 
84 , burning of, 84 , oxide of, 
89 , action of water on, 115 
Sodium h) droxide, 183 
Solids, properties of, 4 , solution 
of, 34 

Solubility 11 , determination of, 
41 , effect of temperature on, 
44 , curves, 45 

Solution, solid, 34 , of gases, 37 , 
liquids, 37 , no change of weight 
during 39 , saturated, 40 
Spirits of salt, 98 
Still, 53 
Sublimation, 18 

Sulphur, 23 , combustion of, S4 , 
melting point of, 23 , crystals 
of, 24 , flowers of, 24 , plastic, 
24 , solubilit) in carbon bisul 
phide, 35 , oxide of, SS 
Suspension in water, 35 

Tin, 31 cry of 31 
Tinned goods, 31 


Transparent , 8 

Vaporisation, latent heat of, 50 
Vitriol, blue, 20 , green, 22 , oil 
of, 23 

Voltameter, 129 

Washing soda, 27 (see also Soda) 
Water, tests for, 20 , purification 
of, 53 formed b) burning 
hjdrogtn, ill, sjnthesis of, 
III, hjdrogen from, 1 14, 
action of sodium on, 1 1 5 , action 
of magnesium on, 115 , gravi 
metric composition of, 124 ; 
volumetric composition of, 127 , 
anal) sis of, 129 
Water of cr)stallisation, 22 
\Yater bath, 42 
Weights, equivalent, 120 

Zinc 30 , action of acids on loo,, 
volume and weight of h)drogen 
displaced b) , 1 18 120 
Zinc sulphate, 109 




